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2 For Screening, Sorting or Sifting it is used in the grading 
| For Filtering it plays a vital part. in many kinds of 


| of air—it is used for such diverse purposes as shielding 


} commutators and excluding the common fly. 


| For Improving Presentation its appearance and adaptability 


| are important factors in industrial design. 
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PUBLIC APPOINTMENTS 


THE UNIVERSITY OF LEEDS 


DEPARTMENT OF TEXTILE 
INDUSTRIES 


RESEARCH FELLOWSHIPS IN 
TEXTILE ENGINEERING 


he Council invites applications for Two 

RESEARCH FELLOWSHIPS IN’ TEXTILE 
ENGINEERING, each tenable for one year in the 
first instance, renewable, at a salary on the scale 

£500-£750, —- to qualifications and experience 
plus F.S.S.U. Candidates for one Fellowship should 
hold at least a 2nd class Honours Degree in Physics, 
Chemical or Mechanical Engineering and _ the 
successful candidate will be engaged on problems 
involving the hydrodynamics of suspensions of fibres, 
filtration and other related processes. For the other 
Fellowship, candidates should hold at least a 2nd 
class Honours Degree in Mechanical Engineering or 
in Physics and the successful candidate will be 
engaged on fundamental studies connected with the 
weaving loom. For neither Fellowship is previous 
experience in textile technology necessary. ——_ 


ee 
PUBLIC APPOINTMENTS 


HERTFORDSHIRE COUNTY 
COUNCIL 


HATFIELD TECHNICAL COLLEGE 


Principal : Dr. W. A. J. CHAPMAN, M.Sc. 


APPOINTMENTS 


Owing to expansion of work in. the College, the 
following ise. fu will 
be required to commence duties ‘not later oan 
January Ist, 1955. 

(1) Technical and Design Engineering Depart- 
ment (Ref. T/D). OC ASSISTANT Grade “B” in 

ELECT! coger bee etcnemt t to teach Electrical 

d Tel s up to Final 
Degree ciatends, Candidates should be Graduates 
in Electrical Engineering, or possess equivalent 
professional qualifications, and have appropriate 
industrial experience. 

(2) Works and Production Engineering Depart- 
ment (Ref. W/P).—ASSISTANT Grade “ B,” to 
teach up to Higher National Certificate standard 

hanical Engineering) and Final City and Guilds. 











tions (three copies) stating date of birth, 
tions and experience, together with the names of 
three referees, should reach the Registrar, The 
University, Leeds, 2 (from whom further particulars 
may be obtained), not later than Ist November, 
1954. E5944 





UNIVERSITY OF CAPE TOWN 
SOUTH AFRICA 
LECTURESHIP IN CIVIL ENGINEERING 


Applications are invited for a LECTURESHIP in 
CIVIL ENGINEERING. Experience or research in 
structural, harbour foundation or highway engineer- 
ing or the application in practice of the principles of 
soil mechanics will be a recommendation. 

The substantive salary scale is £850 by £50 to 
£1150 per annum. There is also a temporary cost-of- 
living allowance for a married man (at present £234 
per annum). The salary scale recognised for the 
Provident Fund is £800-£1050 per annum. 

Applications (with copies of testimonials) should 
state age, qualifications, experience and research 
work completed or in progress and give the names of 
two referees whom the University may consult. Two 
copies of the application must be sent to the Secre- 
tary, Association of Universities of the British 
Commonwealth, 5, Gordon Square, London, W.C.1 
(from whom a memorandum gi the general con- 
ditions of appointment should be S btained) by 10th 
November, 1954. An additional copy should be sent 
direct by air mail to the Registrar, University of Cape 
Town, Private Bag, ae, CP... —_. —~ 
by 15th November, 1954. 





UNIVERSITY OF BIRMINGHAM 


DEPARTMENT OF ENGINEERING 
PRODUCTION 


TUBE INVESTMENTS RESEARCH 
FELLOWSHIP 


gy oer are invited for the above FELLOW- 
SHIP. Candidates should give details of their career 
and of their academic qualifications and must also 
state the particular lines of research which they are 
desirous of pursuing within the field of engineering 
production and industrial management. 

The Fellowship is normally awarded for two to 
three vears, subject to review each year, and carries a 
salary of £1000 to £1500 per annum, according to 
qualitications. The appointment to commence as 
soon as possible. 

Applications (in triplicate) should reach the 
Registrar, The University, Edgbaston, Birmingham, 
15, by 31st October, 1954. 

G.L. BARNES, 
Secretary. 

The University, 
Edgbaston, 15. E5874 





UNIVERSITY OF MELBOURNE 
AUSTRALIA 


LECTURER IN MECHANICAL 
ENGINEERING 


Applications are invited for the position of 
LECTURER IN MECHANICAL ENGINEERING. 

Applicants should possess a University Degree in 
Mechanical Engineering. As the lecturer will be 
required to lecture in the fourth year subject of 
Machine Design, preference will be given to an 
applicant with suitable training and experience in 
this subject. 

The salary will be £A1100-£A1450, according to 
qualifications. Superannuation is similar to F.S.S.U. 

Further particulars and information as to the 
method of application may be obtained from the 
Secretary, Association of Universities of the British 
Commonwealth, 5, Gordon Square, London, W.C.1. 

The closing date for the receipt of applications, in 
London and Australia, is 22nd November, om 





LONDON COUNTY COUNCIL 


BRIXTON SCHOOL OF BUILDING 
VISITING TEACHERS 


VISITING TEACHERS for A rey in struc- 
tural engineering subjects. Should be Corporate 
Members of Institution of Civil Engineers or Insti- 
tution of Structural Engineers, with appropriate 
experience of industry or professional practice and 
prepared to devote not less than one half-day per 
week.—Application forms from Secretary “3 — 
Ferndale Road, S.W.4. (1312). 


Candidates should have had suitable industrial 
experience. 

Salary, Grade “‘B” of the Burnham Technical 
Scale (1954), viz., £528 by £25 to £820 per annum, 
plus allowances ‘for recognised qualifications and 
approved industrial experience. 

Further particulars and application form obtain- 
able from The Registrar, Hatfield Technical College, 
Roe Green, Hatfield, Herts. E5917 





LOUGHBOROUGH COLLEGE OF 
TECHNOLOGY 


Principal: H. L. HASLEGRAVE, Wh.Sc., M.A. 
(Cantab.), Ph.D. (Lond.), M.Sc. (Eng.), M.I.Mech.E., 
M.I.E.E., M.I.Prod.E. 


DEPARTMENT OF INDUSTRIAL 
ENGINEERING 


LECTURERS 


Applications are invited for two positions of 
SENIOR LECTURER IN WORK STUDY. One 
post has particular reference to Method Study, 
the other to Work Measurement. 

The persons appointed will assist in the develop- 
ment and conduct of courses, of both intensive and 
extensive types, and in planning the requisite labora- 
tories. The college is Vesidential and evening work 
is not normally involved. Applicants should possess 
a Degree or suitable professional qualifications, and 
have had extensive industrial experience in work 
study, preferably including consultancy work. 

Salary will be paid according to the scale £1065- 
£25-£1215 per annum. 

Further details and forms of spplication aon eg 
obtained from The Registrar, Loughbo: lege 
of Technology, Loughborough, Cemunie, to 
whom completed forms should be returned as soon as 
possible. E5844 





COUNTY BOROUGH OF 
ROTHERHAM 
EDUCATION COMMITTEE 
ROTHERHAM TECHNICAL COLLEGE 

G. E. COOKE, M.A. 


LECTURER 


Principal : 


Applications are invited for | the following appoint- 
ment in the Department of 4 Prod 
and Civil Engineering, to commence Sane on ist 
January, 1955. 
LECTURER responsible for Trades Courses. 
Candidates should possess suitable craft or tech- 
nical qualifications and have - wide experience in 
the hing and o Trades Courses in 
connection with Final City Fy Guilds Examinations. 
Salary in accordance with the Burnham Technical 
somet 1954, Scale for Lecturers: £965 by £25 to 








Application forms may be obtained from the 
undersigned, to whom they should be returned by 
Thursday, 21st October, 1954, 

R. BLOOMER, 


Director of Education. 
Education Offices, 
Domine Lane, 


Rotherham. E5932 





SHEFFIELD EDUCATION 
COMMITTEE 


COLLEGE OF TECHNOLOGY 
FULL-TIME ASSISTANT 


A yong; are invited for the post of FULL- 
TI ASSISTANT in the Department of Engineer- 
ing, to teach Engineering Drawing and Engineering 
Science to National Certificate students in part-time 
day and evening classes. Ability to teach Calculations 
and Drawing for City and Guilds Electrical Instal- 
lation classes will be an additional recommendation. 

Applicants should have Graduate or equivalent 
ses npn and suitable industrial experience. 

eaching experience, full or part-time, is desirable. 
The successful candidate will be required to start 
duty as soon as possible. 

Salary in accordance with the Burnham Technica! 


ENGINEER 


PUBLIC APPOINTMENTS 


WIGAN AND DISTRICT MINING 
AND TECHNICAL COLLEGE 


WORKSHOP INSTRUCTOR 


plications are invited for a post as WORK- 
sHe P INSTRUCTOR. Duties will commence as 
from Ist January, 1955, or as soon as possible 
thereafter. 

Candidates should hold a City and Guilds Certifi- 
cate in Machine Shop Engineering and have practical 
experience in industry and in teaching. raduate 
or Associate Membership of a professional institution 
will be an advantage. Salary in accordance with the 
> Technical Scale for Assistants, Grade 


Further particulars and application form will be 
sent by the undersigned on receipt of a stamped, 
addressed foolscap e A should 
be sent in to reach the undersigned not later than 
Monday, 18th October, 1954. Applications not on the 
form provided will be disregarded. 

E. C. SMITH, 
Principal. 
E5887 





29th September, 1954, 





COUNTY OF LEICESTER 


LOUGHBOROUGH COLLEGE OF 
FURTHER EDUCATION 


Principal: D. J. LYSAGHT, M.Sc., Ph.D. 


ASSISTANTS GRADE A AND B 


Applications are invited for the following posts :— 

(1) ASSISTANT (Grade B) to teach Chemistry 
and Physics to Intermediate Degree level and some 
General Science. Graduate or equivalent qualifica- 
tions in Science essential. 

(2) ASSISTANT (Grade A) to teach Workshop 
Technology and Practice, and Engineering Drawing. 
Full Technological Certificate of the City and Guilds 
of London Institute and/or Higher National Certifi- 
cate with suitable subjects is required. 

Further details and forms of application may be 
obtained from the Principal, to whom they should 
be returned within fourteen days of the appearance 
of this advertisement. E5882 





WIGAN AND DISTRICT MINING 
AND TECHNICAL COLLEGE 


DEPARTMENT OF MECHANICAL 
ENGINEERING 


SENIOR LABORATORY STEWARD (MALE) 


Applications are invited for a post as SENIOR 
LABORATORY STEWARD (male) in the Depart- 
ment of Mechanical Engineering of the College. 
Duties will commence as soon as possible. Candi- 
dates should hold a Higher National Certificate in 
Mechanica! Engineering or similar qualification. 

Further particulars and application forms will be 
sent by the undersigned on receipt of a stamped, 
addressed foolscap envelope. Last date for receipt 
of applications, Tuesday, 12th October, 1954. Applica- 
tions not on the form provided will be disregarded. 


28th September, 1954. 


MID-ESSEX TECHNICAL COLLEGE 
AND SCHOOL OF ART 
MARKET ROAD, CHELMSFORD 





Principal : 
M.L.Mech.E 


HEAD OF ENGINEERING 
DEPARTMENT 


C. E. PRESTON, M.B.E., M.Eng., 
M.LE.E., 


Applications fontnas for post of HEAD OF 
ENGINEERIN DEPARTMENT (Burnham 
Report Grade iD. Salary, £1215 by £25 to £1365 
(man). Applicants should possess a good Engineer- 
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PUBLIC APPOINTMp 
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CIVIL SERVICE COMMisg 


DEPARTMENT OF SCIENTIRg 
INDUSTRIAL RESEARG, 


SENIOR EXPERIMENTAL Op 


The Civil Service Commissioners ; inyj 
tions for a pensionable POST in the’ 
Engineering Research Laboratory, Bag y; 
Glasgow. 

Duties involve the design (or selection, 
ment of heat transfer equipment, Cy,” 
be at least 35 on 31st July, 1954, They 
Pass Degree in Mechanical! Fngineg 
Engineering or H.N.C., in eithe these 
produce evidence of equival 
tion, but exceptionally 4 le bite 
without the prescribed qua! ificati : 
have experience in the d on. Th 
ment, installation, and op 
chemical plant incorporating moder 2 4 
transfer principles, or of heat ean 
pone A, in owe Knowk 

roblems or of ¢ 
would be an m-_, Pan _ 
nclusive annual remune 
wees poe ~£1196 (men), ¥: 
xceptionally a starting s; ilary abo 
may be granted acc m 6 
pM Ording to qualifig 
t Kilbride is one of the Ne 
able housing prospects exist for ph... 

Further particulars and application 
Secretary, Civil Service Commission, 
Saeeo y oer London, W.1, 

ppeeaticn f 
26th October, Lose” (OPS 10 beg 


‘ation for i 
£885-£103 





UNITED KINGDOM ato 
ENERGY AUTHOR 


WINDSCALE WORKS, séi 
CUMBERLAND 


ENGINEERS 


Vacancies at Windscale Works, Seiji 
berland, for ENGINEERS (Ref. 614), o 
working on and (Ref. 675) to undertake ey 
work on problems in heat transfer and fx 
concerned with liquid metals and 
for nuclear reactors. Qualification, 
engineering apprenticeship and AML) 
equivalent. Honours Degree in Engine 
food pene on Applicants for Post 614 

ad previous experience of experimen 
above field. Salaries :— ” - 


Post 674 : £960-£1240. Post 675: i& 
£960. 


Houses available in reasonable time iq 


officers. Application forms from Unite 
Atomic Energy ge Industrial 
quarters, P.O. » Risley, Warring 
reference of post oh F for. 


esign, Manufactyy| 





BRITISH ELECTRICITY AUT 


LONDON DIVISION 


CIVIL ENGINEERS (3RD ASSi 


CIVIL ENGINEERS (3rd py 
No. 54/839) required for work on desig 
struction of power stations. Applicans 
suitably qualified with some years’ a 
power station construction and admins 
contracts. A knowledge of the design d 
reinforced concrete structures and 
engineering works is essential, and te 
ion of soil hanics principles 
advantag . Salary in accordance with. 
ment, Schedule C, Class AX/EX, Grat 
range £801 3s./£1053 ; and Grade 5, 
£681/£927 3s. p.a., inclusive of London 
Applications, quoting vacancy numb 
made on form obtainable from Divisioul 
British Electricity Authority, London D 
x — Generation House, Great Port 
W.1, a received within fourteen & 
pea ety 








ing Degree and had suitable industrial hing and 
administrative experience. Further particulars and 
btainable from the General 
Education Officer, County Offices, Chelmsford 
(stamped, addressed foolscap envelope) and return- 
able by 25th October, 1954. E5942 








MINISTRY OF SUPPLY 


NATIONAL GAS TURBINE 
ESTABLISHMENT 


MECHANICAL ENGINEERS, 
AERODYNAMICISTS, PHYSICISTS, AN 
ELECTRICAL ENGINEER AND A 
CHEMICAL ENGINEER 


MECHANICAL ENGINEERS, AERODYNA- 
MICISTS, ge ae in ELECTRICAL 
ENGINEER and a CHEMICAL ENGINEER 
required by Ministry of a National Gas 
Turbine Establishment, near Farnborough, Hants., 
also a MATHEMATICIAN with ability to ai apply 
theoretical mathematics to practical problems o 
s turbine. Qualifications: Ist or 2nd-class 

ionours Degree or equivalent qualification in an 
appropriate subject. Houses may be available in a 
few months’ time for successful candidates with 
bilities who are not already resident 





Scale (Grade A), £450 by £18 to £725, with additi 
for training, graduate status, approved. industrial 
experience and War Service where apyropriate. 

Application forms, obtainable from the Director 
of veseere pa P.O. Box 67, Leopold Street, Sheffield, 
1 (stamped, a envelope), should be returned 
within 14 days of the publication of this — 
ment. 


‘amily 
within daily travelling distance of the Establishment. 
Salary within Scientific Officer range, £445-£815 ; 
Women somewhat less. F.S.S.U. benefits ma be 
available. Application forms from 
Technical and Scientific Register o> * 
Street, London, S. “a A os A272/54 
date 30th October, 1954. 


King 
A. ‘cous 





THE WAR OFFICE 


ENGINE HANDS 


The War Office require ENGINE i 
service in the Suez Canal Zone to rua! 
used in pumping and power stations: 
per week, plus 25 per cent. In additiot 
Foreign Service Allowance is payable, 
week (single); £7 16s. per week (ma 
Allowance £30. Accommodation (s0 
is free, with a reasonable charge made! 
messing. Staff must undertake to servet 
in Canal Zone. Two weeks’ leave a yet 
allowed. Families cannot accompat) 
Application to be made to any Employm 
quoting ref. O.M.P. 785/54 





COUNTY OF LEICESIE 
ENGINEER-IN-CHARG 


ENGINEER-IN-CHARGE required # 
running and maintenance of the engine 
structural maintenance work and mio 
at the Loughborough Colleges 
Halls. Salary £575-£655, according 104 
and experience. Preference to cand 
Ordinary National Certificate i 
equivalent qualification. Pensionab! 
other Publi¢ Authorities ‘transferable. 

Full particulars from the Bursa, ” 

E.A. Colleges, Loughborough, 

applications, with names of two rrefert 
sent by 23rd October, 1954, 
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Institution of Engineers and Shipbuilders 
in Scotland 


On Tuesday of this week, Professor A. M. 
Robb delivered his presidential address to the 
Institution of Engineers and Shipbuilders in 
scotland, and discussed topics, suggested by the 
James Forrest Lecture given by Dr. Francis 
Elgar in 1907, with emphasis on how progress 
had been achieved. He referred to the load line 
markings associated with the name of Samuel 
Plimsoll and remarked upon the efforts made by 
members of the Institution to solve the problem 
of a fair depth of loading for ships. Turning to 
the question of stability, Professor Robb men- 
tioned the solution to the problems involved, 
provided by Pierre Bougner in his book Traité du 
Navire, published in 1746, and his work in 
devising a rational method for the calculation 
of areas, volumes and moments. Bougner, he 
continued, introduced the conception of the 
metacentre, was aware of the need for an inclin- 
ing experiment, gave consideration to rolling 
problems, and also investigated the strength 
of ships. Professor Robb then mentioned 
A Treatise on Shipbuilding and Navigation, by 
Mungo Murray, in which reference was made to 
model towing experiments in a cistern, and a 
later book, published in 1775, by Frederick 
Chapman, entitled Treatise in Shipbuilding, 
which described model towing tests carried out 
in a pond. These early experiments lacked a 
relationship between the size of the model 
and its speed and the president went on 
to note the contributions made by Joseph 
Bertrand, in 1822, and F. Reech, in 1852, the 
latter making a statement which, with certain 
qualifications, was now known as the Law of Com- 
parison. After mentioning William Froude’s 
approach to the model experiment problem, 
Professor Robb raised the matter of the present- 
day concern as to the validity of the Froude 
assumption and the experiments with the “‘ Lucy 
Ashton” to obtain a comparison between full- 
size ship resistance and that evaluated from 
models. He gave some of the results of the 
experiment, which showed that without tur- 
bulence stimulation the use of Froude’s 
coefficients gave a close assessment of full-speed 
resistance of the ship but wide disagreement at 
half speed. These trends, Professor Robb said, 
suggested something wrong in principle. He 
thought that the solution lay in an investigation 
of the basic assumption. 


Institution of Locomotive Engineers’ Visit 


On Friday last nearly three hundred members 
and guests of the Institution of Locomotive 
Engineers visited the Midland and Saltley works 
of the Metropolitan-Cammell Carriage and 
Wagon Company, Ltd., and were given the 
opportunity to inspect the many designs of 
tolling stock now under construction by the 
company for this country and overseas. This 
company was founded at Saltley in 1845 and in 
addition to its three large carriage and wagon 
building works in the Birmingham area, it has 
a fourth factory devoted to the construction 
of road passenger vehicles. During recent years 
some 70 per cent of its production has been for 
export and amongst the work inspected by the 
visitors there were no less than eighteen con- 
tracts for rolling stock for abroad. The visitors 
were shown in all stages of construction carriages 
and wagons for the East African Railways, 
Egyptian Railways, Coras Iompair Eireann, 
Rhodesia Railway, New South Wales Govern- 
ment Railway and the Pakistan Government 
Railway. Representative examples of the finished 
carriages for various overseas railways showed 
how the Same standard of design and finish 
was maintained and how many different 


requirements had to be met to satisfy local 
conditions. The wagons being built ranged from 
3ft 6in gauge explosive vans to 3ft 3gin gauge 
bogie high-sided wagons, and 5ft 6in gauge open 
wagons to 3ft 3%in covered goods wagons. 
Recently the company, in association with 
electrical contractors and diesel engine builders, 
has supplied diesel-electric locomotives to New 
South Wales and it also has a contract in hand 
for ‘ninety-four diesel-electric locomotives for 
Coras Iompair Eireann. The mechanical parts 
of these locomotives are being manufactured in 
the Midland works. For British Railways 
orders for 656 coaches to the new standard steel 
design are in hand, together with a five-year 
contract for 16-ton mineral wagons, totalling 
15,750. In recent months the company received 
a contract for seventy-two lightweight railcars— 
the first of its kind to be placed outside British 
Railways’ own workshops. 


Council of British Manufacturers of 
Petroleum Equipment 


THE annual luncheon of the Council of 
British Manufacturers of Petroleum Equipment 
was held on Thursday of last week at the 
Dorchester Hotel, London, and was attended 
by over six hundred members and _ their 
guests, under the chairmanship of Mr. Douglas 
Wilson. In the course of his speech, in proposing 
the toast of “Our Guests,” the chairman 
welcomed the presence of representatives from 
Government departments, the oil companies and 
foreign governments and recalled that the council 
had been in existence for eleven years. Apart 
from the responsibility to develop the resources 
of the industry, the council, he went on, was 
aware of the importance of the role of research 
in this development. Members, he said, should 
be encouraged to study oil refinery operational 
problems in order to develop more efficient 
equipment and this should be coupled with 
basic research into processes and process design. 
He hoped that plans would be formulated 
at an early date to deal with questions of 
research. Lieutenant-Colonel S. J. M. Auld 
president of the Institute of Petroleum, replied 
to the toast and mentioned the value of the pro- 
ducts manufactured by the industry, and that the 
member firms numbered over four hundred. The 
refining capacity in the last decade in this 
country, Colonel Auld recalled, had increased 
from 2,500,000 to 29,000,000 tons per annum. 
He regretted that the oil refinery industry was so 
scattered in this country and mentioned the need 
for the manufacturers of petroleum equipment to 
consolidate present gains and to prepare for 
greater competition in the future. Colonel 
Auld commented on the question of production 
of oil overtaking consumption and stated that 
the future was secure since consumption had 
doubled every twelve years, and the demand 
for oil was still unsatisfied. He went on to put 
on record the help given by American companies 
and to emphasise the need for research so that 
we could design our own process plant, and 
suggested the formation of groups to study the 
details of process work. Colonel Auld touched 
upon continuity of progress and said that the 
council was part and parcel of the oil industry 
and that there was need for increased technical 
educational facilities as a step toward develop- 
ment in the industry. 


Conference on Combustion 


THE council of the Institution of Mechanical 
Engineers has announced that it is participating in 
the arrangements for a conference on combustion, 
which is to be held next year, in conjunction with 
the American Society of Mechanical Engineers. 


The main conference will take place at the Massa- 
chusetts Institute of Technology, Cambridge, 
U.S.A., from June 15 to 17, 1955. It will be 
followed by a conference in London, at the 
Institution of Mechanical Engineers, 1, Birdcage 
Walk, St. James’s Park, S.W.1, from October 25 
to 27, 1955, at which the same papers will be 
presented. The principal objects of this con- 
ference are to link theory and practice in the field 
of combustion by presenting to engineers from 
the United Kingdom, the U.S.A. and other 
countries the results of theoretical work ; and 
to give an opportunity for practical engineers to 
meet together to discuss practical applications of 
theory in the fields of boilers, furnaces, internal 
combustion engines and gas turbines. The con- 
ference proceedings, both in the U.S.A. and in 
London, are to be arranged in six sections as 
follows: general lectures on combustion ; 
combustion in boilers ; combustion in furnaces ; 
combustion in internal combustion engines ; 
combustion in gas turbines ; and a concluding 
session in which the more important matters 
arising during the discussions in the preceding 
sections will be further considered and sum- 
marised. It is hoped that the Institution of 
Mechanical Engineers will be well represented at 
the.main conference in the U.S.A. 


Chemical Research Laboratory 


TuzspAy, September 28th, was open day at 
the Chemical Research Laboratory at Teddington 
and at the invitation of the Director we were 
able to pay a visit of inspection to see work in 
progress in each of the six research groups. 
In the corrosion of metals section several items 
of long-term work, noted last year, were con- 
tinuing, including tests in aqueous solutions under 
high-speed conditions, accelerated atmospheric 
corrosion tests and the study of boiler-tube 
corrosion undertaken for the British Shipbuilding 
Research Association. The role of tannates and 
phosphates in underground prevention of cor- 
rosion continues to be explored and the use of 
sulphur suspensions as a method of etching mild 
steel. Also demonstrated was the prevention of 
tarnish on silver, copper and their alloys by use 
of cellulosic material impregnated with salts of 
chromic, nitrous and phosphoric acid. The 
inorganic group displayed a collection of pure 
metals and also the allotropy of selenium, the 
allotropic forms of selenium passing into stable 
metallic form on being heated and the change 
being accelerated when catalysed by selenious 
acid. A method of separation of rare earths by 
elution from an ion exchange resin was shown 
and also the preparation of rare earth metals 
by the thermal reduction of rare earth fluorides 
with alkali metals. Purification by zone melting 
was demonstrated, in the organic group, in which 
a small furnace travels down a vertical column 
of the solid undergoing purification, and melting 
an accompanying narrow zone of material. 
The process is repeated and as the impurities 
are carried to the bottom the solid becomes pro- 
gressively purer. There was also apparatus for 
the preparation of gas samples for mass spectro- 
metry, and research on the micro-combustion of 
organic compounds in which the apparatus 
provides precise micro-analysis for carbon and 
enables carbon dioxide from combustion to be 
collected as a gas for mass spectrometric analysis. 
In the high polymers group there were demon- 
strated the principles of ion-exchange, four main 
types of ion-exchange resins listed and their 
behaviour when modified by varying degrees of 
cross linking of polymer network. The removal 
of copper from tap water served to show a mode 
of application of ion-exchange resins and the 
potential industrial importance of semiperme- 
able membranes with dialytic procedures was 
indicated. 
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Skin Plating on Steel Gates 


By SERGE LELIAVSKY, Ph.D., M.I.C.E., M.Am.Soc.C.E. 


No. I 
There seems to be no reason why the thickness of skin plating on hydraulic gates 


Should be correlated with the span of the gate. 
in practice it does seem to be assumed that a correlation should exist. 


The author shows, however, that 
Various 


methods of calculating the thickness of skin plating are then considered. But none 
is found to give results that correlate at all well with practical experience of the 
failure of such plating. The plating appears capable of carrying far greater loads 


than the theories would permit. 


It is therefore suggested that systematically 


planned full-scale experiments should be carried out under conditions reproducing 
practical gate design. 


CCORDING to the usual routine of 

steel gate design the skin plating is 
calculated to resist the bending moment 
produced by the hydrostatic pressure. It is 
true that in some particular cases modern 
design takes into account the alterations in 
the hydrostatic pressure, consequent on the 
effect of the movement of the water,! but 
this approach is rather exceptional. Which- 
ever of these two principles is followed, it is 
clear that for a more or less constant head 
the thickness of the plating must be a 
function of its span, i.e. it should depend on 
the spacing of the various constituent 
elements of the steel skeleton of the gate to 
which it is secured, but the total span of the 
opening does not seem to be, in this case, a 
significant consideration. It is therefore 
rather curious that in practice—in so far 
at least as Egyptian irrigation practice is 
concerned—the thickness of the skin plating 
seems to be correlated with the width of 
the opening, in spite of the fact that 
the head is generally more or less the same— 
say, 3m to 5m. 

In this connection the following table may 
possibly be of some interest, since it contains 
a number of examples illustrating the point 
at issue. 

TABLE I 





Clear span of | Thickness of 





Structure opening skin plating on 
gates 

Canal regulators : 

a 3m. fin 

Uf ere 3m. din 
Assiut Barrage : 

Old gates aN SE eam 5m. fin and jin 

New gates ... . pare Scorn Sm. 4in 
Nag Hammadi Barrage ... ... 6m. gin 
Mohammad Aly Barrages__.....| 8m. iin 


Another point bearing upon the same 
problem is that whilst for all other parts of 
the gate specifications stipulate a permissible 
stress limit only, they prescribe for the plating 
a minimum thickness, usually much in excess 
of the theoretical requirements. Various 
explanations have been put forward as to the 
raison d’étre of such a clause. It has been 
said, for instance, that the plating is more 
exposed to rust than any other part of the 
gate structure. It should be observed, how- 
ever, that had this been indeed the true 
explanation, a margin covering the potential 
loss of metal due to rusting should have been 
provided over and above the calculated 
thickness for all the parts of the steel structure 
which are exposed to the action of water. 
The additional weight of the metal should 
then have been proportional to the exposed 
area in contact with the water. That, how- 
ever, is by no means the case in practice. 
Moreover, there is no reason whatever for 
the plating of a gate of a wider span io rust 
more rapidly than that of a short span. 
Rusting does not, therefore, satisfactorily 
explain the correlation between skin plate 
thickness and total span of gate. 

In 1934 the writer acted as a member of 








"-* Cf. Kollbranner and Wyss, ‘“‘ Anwendungen der Potential 
Theorie im Stahlwasserban . . .,”’ Zurich, 1947. 





the commission appointed by the Ministry 
of Public Works, Cairo, to inspect the 
gates on Assiut Barrage, on the Nile, and 
report as to whether they should be main- 
tained, or new gates provided for the 
remodelling of the barrage. In 1945 he 
presided at a similar commission for the 
gates of Esna Barrage. On the advice of the 
first commission, the old gates of the Assiut 
Barrage were scrapped and replaced by new 
ones, whereas in the second case, i.e. for 
Esna Barrage, the commission recommended, 
and the Government approved, that the 
existing gates should be kept working for an 
indefinite period, owing to their excellent 
condition. About £500,000 were thus saved. 
It should be realised in this connection that 
in both cases the steelwork of the gates had 
to be strengthened to cope with the new 
hydraulic conditions for which these barrages 
were then remodelled. In particular, for 
Esna Barrage, the author designed additional 
secondary vertical members, which served 
the double purpose of reducing the span of 
the plating and thus relieving the stresses in 
the latter, on the one hand, and took part of 
the additional water load coming on the old 
vertical beams, on the other. The modifica- 
tions were possible because the steel of the 
Esna Barrage gates when inspected in 1945 
was in almost as good a condition as when 
it originally came out of the mills. 

On the other hand, the gates of Assiut 
Barrage when inspected by the commission 
of 1934, had already been attacked by rust, 
and therefore, though they might have 
possibly stood under the same head for 
another ten or twenty years, they were not 
considered to be in a suitable condition for 
the drastic remodelling required under the 
new standing order for regulation. 

At this juncture of the discussion particular 
attention needs to be called to the fact that 
the age of the described gates, for all prac- 
tical intents and purposes, was the same. 
The metal equipment for Assiut Barrage had 
been completed in 1902, whilst Esna Barrage 
has been in operation since 1908. It is there- 
fore evident that the cause of the more 
intensive rusting of Assiut Barrage gates as 
contrasted with those of Esna Barrage was 
not a consequence merely of time or of span 
(which was the same in both barrages). It 
must have reflected the influence of some 
other agent, i.e. either a difference in the 
composition of the metals or a different 
maintenance routine ; or, as to that, both 
causes acting concurrently. 

It is clear that experience with existing 
barrages does not seem to support any cor- 
relation between thickness of steel plate 
and overall span of the gate. 

A third barrage may also be quoted to 
illustrate the same point, viz. the Zifta 
Barrage, the remodelling of which is now 
nearing completion. Though it was built con- 
currently with Assiut Barrage and was pro- 
vided with very similar metal equipment, 
the rusting of its gates developed at a far 
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more rapid rate, as may be seen from the 
photograph reproduced ingFig. |, yw 
was taken in 195], i.e. shortly after th 
gates were removed from the STOOVe 
Two points in this connection cal! for Dar 
ticular attention. First, the Photograph 
shows all the parts of the steelwork to 
equally attacked by rust. There is therefo, 
no reason for singling out the plating as , 
particularly sensitive part of the metj 
structure. Secondly, in spite of far the greater 
part of its thickness having been destroyg 
by rust, the plating of the Zifta gates wa 
still capable of withstanding the water log 
without breaking. That fact suggests thy 





Fig. 1—Rusting of gates of Zifta Barrage 


an exaggerated safety margin was incor 
porated in its original design. Attention wil 
therefore be called, next, to the methods of 
calculation commonly employed in designing 
a steel plate. 


ELEMENTARY METHODS OF CALCULATION 


The simplest approach in calculating a 
slab or a plate supported, or fixed, on four 
sides, is to consider two perpendicular 
elements, bdx and ady, meeting at the 
centre 0 of the rectangle (see Fig. 2). The 
external load p, which in this case is taken to 
be a uniformly distributed pressure, is 
assumed to be divided among the two 
elements in question, in such a manner that 
their deflections in the common centre are 
the same. Let pz be the part of the load 














Fig. 2 


taken by the element bdx. The deflection 
in the middle of the element, assuming the 
ends to be simply supported, may be found 
from the formula, 


A Pedy Sa‘ _\2p,dy, Sa* _15p,a" 
=~ EI “384 Eh'dy ~ 384° 96Eh* * 

On the other hand, should p, represent 
the load taken by the second element, the 
corresponding deflection would be equal to 
15, pyb* 
¥~ 96 * Eh® ° 
Equating these two formule, 
pia _pyb* 


Eh®  Eh® 


A 


from which 


Pz _b* 
, = 
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it will be realised that if the ends are 
assumed to be rigidly fixed, the result will 
be exactly the same. Further, since the sum 
+p, must of necessity be equal to p, it 
follows that 
bt 

P2=PRT pA 
and ” 

Py PGE 


These formule, or their equivalents, are 
frequently mentioned in English and 
American textbooks on reinforced concrete. 
When applied to a steel plate, they yield the 
maximum bending stress 

3 Pe ee 
mg RX aD! iss 
For the case when a=b (square panel) 
a 
50 =4P pA° 

The limitations of formula (a) need not 

be gone into, in detail, at this juncture, for 
will be clear from the discussion of 
other calculation methods, which follow. 


a 





ae 
{ ¥ 


Ag 
x 7, 
/ af 
{yoS?NY 
A K B 
Fig. 3 





~ 











In similar problems belonging to the realm 
of reinforced concrete construction, French 


engineers use for a square plate Po=5 


(instead of p/2), and this does not seem to 
lead to any trouble whatever (the more 


4 
general French’ formula being p= Pp aa): 


However, according to Bach’s experiments 
and theory, the failure of the plate does not 
take place at right angles (or parallel) to the 
supports, as it would appear to do from the 
argument of formula (a), but develops in 
the direction of the diagonal (see Fig. 3). 
To calculate the bending stress in this critical 
section, we consider the respective centres 
of gravity of all the active and reactive 
forces, the first falling, obviously, in the 


) centroid of the triangle ABC, while the second 


coincides with the middle of the line KL, 
which joins the centres of the sides AB and 
BC. In fact, owing to symmetry, the resultant 
of the reactive forces for each side, i.e. either 
4 or b, must lie in its middle point, and the 
resultant for two sides passes, consequently, 
through the middle of the line joining these 
points. 

It follows, therefore, that the distances 
from the diagonal AC to the centroids 0, 
and 0, are respectively equal to 

ae te 
2° 2wWat+b? 
and 
ab 


Since the arm of the bending moment, for 
the critical section AC, is equal to 


ab 
Vet 
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and, since the loads on either side of this 





section are both equal to ee the conclusion 
is that 
ma Pars =12)___pa*b* 
2 12Va*+ 
The section modulus for the diagonal is 
hv a+b 
——s 
Hence the mean stress for the diagonal will 
be 
oot ee ae 
S=5* pe * +a e ww * (b) 


For a square panel this formula yields the 
same result as the French formula referred 
to earlier. 

Some fifty years ago Bach found experi- 
mentally that, for freely supported and fixed 
ends respectively, the results of this formula 
were to be multiplied in practice by the 
empiric coefficients 1-12 and 0-75. 

The final formula is therefore as follows : 


1 oe 

59% Ba 

in which k is Bach’s coefficient. 
The experiments from which these coeffi- 
cients were derived are usually cited in 
modern textbooks as a classical instance of 
experimental work, suitable for use in design. 
In order to compare quantitatively the 
formule (a) and (b) we may proceed as 
follows : since tke term pa*/h*? is common 
to both equations, it may be excluded from 
the computation ; but, on the other hand, a 
factor k, (varying from 0-67 to 1-0) must be 
introduced in the first equation in order to 
take into account the quantitative effect of 
the fixation of the ends. The following 
characteristic factors will thus be arrived at : 


(6,) 


Formula (a) : 


Free ends Fixed ends 
Paes __0-50 
t 1+(a/b)* 2 T+ (a/b) 
Formula () : 
ee __0-385 
s"1+(a/b)* 4" 1+(a/b)** 


The values of these factors for various 
ratios a/b are tabulated in Table Il, and 


TABLE II 
a/b=1-0 ... 0-8 ...0°6 ... 04 1.02 2.0 
1=0°38 ... 0-53 ... 0-66 ... 0°73 ... 0-75 ... 0°75 
F,=0-25 ... 0°36 ... 0°44 ... 0°49 ... 0-50 ... 0-50 
F,=0-28 ... 0-34... 0-41 ... 0°48 ... 0°54 ... 0-50 
F,=0-18 ... 0-23 ... 0-28 ... 0-32 ... 0°36 ... 0-385 


are also reproduced graphically in Fig. 4. 
For calculation purposes it suffices to 
multiply the figures read off this graph by 
the ratio pa?/h? ; i.e. the formula for calcu- 
lating the stress is ¢=Fpa*/h?. 


MorRE ADVANCED ANALYSIS 


In attempting to systematise the theory of 
the elastic plate, the equations described in 
the foregoing paragraph must be classified 
as belonging to the elementary group of 
methods, for,they do not account for the 
lateral effect of the stress. In fact, apart 
from the strain in line with the applied force, 
an elastic material deforms also at right 
angles to the stress, this deformation being 
quantitatively estimated by means of the 
Poisson’s ratio. 

Consider the loaded plate ABCD which is 
shown in Fig. 5.2. To explain this 
aspect of the relevant theory, the effect of the 





* Serge Leliavaky Bey, Discussion on Gridwork and Slabs 
Trans. Am. Soc. C.E., Vol. 117, 1952, page 899. 
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elastic deformation is here intentionally 
exaggerated. Also, for clarity of exposition, 
the plate is assumed to be supported on two 
sides only, i.e. AB and CD. It is supposed 
to extend on either side to infinity, in the 
direction of the y axis. 

Owing to the bending of the plate there 
will be compression in the upper part of the 
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Fig. 4 


0% 


central section, abcd, of the element (1), and 
tension in the corresponding lower part. 
Had the element been working alone, its 
top width, ab, must have consequently 
widened—owing to the lateral effect of the 
stress—to the width a,b,, while on its lower 
surface the width cd would have reduced to 
c,d,. Since, however, the neighbouring 
elements (2) and (3) prevent these lateral 
deformations from taking place, a secondary 
compressive stress must of necessity develop 
at right angles to the main primary bending 


.stress in the upper part of the plate, whilst 


a similar tensile stress will be found to occur 
in its lower part. These additional stresses 
may be visualised as being brought about by 





Fig. 5 


a secondary restraining moment, acting at 
right angles to the main bending moment. 
There is, however, in this case no deformation 
due to this secondary moment. 

It is, of course, of importance and interest 
to estimate numerically this lateral effect, for 
which purpose we may use the general 
equation of the elastic plate 


otw aw = dtw op 
att a ata w sD 
or, in its reduced form, 
AAw=p/N . (la) 


in which A is Laplace’s operator. 

The symbol w stands here for the vertical 
deflection, whereas N is the so-called rigidity 
factor, namely, 


~:1201—y) 
E and y being respectively the Young’s 
modulus and the Poisson’s ratio. 

Should the values of w be known, or 


N 
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determined, then the bending moments M, 
and M, could be found from the following 
formule : 


aw 2 

M,=—N(53+y55)| 

and ‘ " hr 2. 2 - & 
m,-—n(28 42%) 


Since in the case shown in Fig. 5 the 
deflections are constant for any constant 
value of x, the formula (1) reduces to* 


ow _ pf (x) 
a (3) 


If the ends of the plate are freely supported 
(as shown in the drawing) both w and M will 
be equal to zero for either x=0 or x=a. 
Further, assuming as in the foregoing para- 
graph that p is constant, we obtain by inte- 
gration from (3) the equation of the elastic 
axis 


w= sey t—2ax*+a%x) . . . (4) 
as against 


w=5Ee(xt—2ax*ta°x) . . . (5) 


for the case of an ordinary beam. 
Comparing .the coefficients in these two 
equations, it will be obvious that (4) can be 
obtained from (5) by multiplying it by 
(1—y?), which means that the deflections of 
the plate are about 10 per cent less (assuming 
y=0-3 for steel) than those of a beam. 


Since the moment M.=F(ax—x*) is the 


samme in both cases, it is clear that the differ- 
ence in the deflections is due to the greater 
rigidity of the plate, as compared with the 
beam of equal depth and span, the extra 
margin of rigidity in the plate being a function 
of the lateral restraint. 

This restraint can be formulated and repre- 
sented symbolically as a secondary moment 
M,, acting at right angles to the primary 
moment M,, namely, applying the second of 
the two equations (2) to the case under 
review, we may write 
ow 
Ox 


or about—0- 15p(ax—x?). 


YP 
M,=—N =— “5 (ax—x') 


Since the primary moment is 
M,=0-: 5p(ax—x’), 
it follows that the restraint amounts to about 
one-third of the main bending effect. 

These simple equations may give also an 
idea of the conditions occurring in, but 
cannot be applied directly to, a plate which 
rests on four sides. Problems of that nature 
are sometimes solved in mathematical physics 
by means of conventional approximate 
equations, which, though they are not meant 
to frame the true solution, are nevertheless 
adjusted numerically in such a manner as to 
supply a sufficiently precise quantitative 
result. 


In order to obtain such a solution for the 
case of a plate supported on four sides, 
Lorenz‘ uses the conventional equation 

W=Wm COS X COS — oe 
in which w,, is the maximum deflection in the 
centre of the plate. 

This maximum is then determined from the 
principle of strain energy, viz. that the work 
done by the inner and by the outer stresses 


* Madai, “ Elastische Platten,” 1925, page 70. 


* H. Lorenz, “‘ Angeniherte Berechnung ebener Piatten,”’ 
Zeitschr. d.V.d.L, 1913, page 923. 
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must be the’same. This gives the equation: 
96 m—1_ abt @ 
Wm=—8 ~ mG “he +b)? * 


in which G is the modulus of rigidity, while 
m=l1/y. For the maximum stress &m this 
solution leads to the formula 
G a®+- mb? 
m—1"™ ate 
96 (ya*+b*)a*b* 
=X" Glpyn *? Ay 
To compare this equation with the earlier 
deduced formule, it may be transcribed 


pa* 961 +0-3(5) | pa* 


m=" X “uy * : 


in which F; is the new coefficient, capable 
of being compared numerically with the 
coefficients in Table IT, 


_ 96 1+0-3(a/b)* 
Poot TF IE 
Also, for the case of fixed ends Lorenz, 
following the same method, finds 
» _12. __ (6?+-ya*)a*b*p 9 
im= 2 Batt b)+20by «| OD 


¥ — 
Sm— 


(8a) 





This can again be transformed into 
a'p 12[1+0-3(a/b)*]_ —_, pa® 


ab] 


where 





___12[1+0-3(a/b)*) 
~ 7°43] +(a/b)*] + 2(@/b)*} * 


The values of F; and F, are listed in 
Table III herewith. 


TABLE III 
2 06 2... 0-4 2... O- 
we. 0°59 ... 0-77... O- 
26 ... 0-33 ... 0-38... 0- 


F, 





26 ... 


; 99 


a/b=1-0 ... 0-8 
F,;=0- ... 0-44 
F.=0-20 ... 0- “41 

An inspection of Fig. 4, which represents 
the coefficients with different indexes, shows 
that the curves for the even indexes—i.e. 
for “ fixed’ ends—are mutually in better 
agreement, than the figures obtained for 
coefficients with uneven indexes, representing 
the “ free ends ” conditions. On the whole, 
however, the diagram is rather confusing. 
For a technical designer, who might be 
tempted to use it, will be faced with the 
rather difficult problem of selecting the 
particular curve which he must apply to 
his design work, particularly since, in the 
absence of specific and conclusive experi- 
mental evidence, the degree of “ fixation ” 
is chiefly a matter of personal judgment. 

In addition to all the described theories 
the problem of the elastic plate is capable 
of being approached by the application of 
the method of successive approximations, 
similar to Professor Southwell’s relaxa- 
tion method. In order to apply this 
solution, the plate is usually replaced by a 
gridwork formed of two systems of beams 
intersecting at right angles. Provided the 
arbitrarily chosen number of such beams is 
large. enough, the deflected surface of the 
grid will approximate to that of the plate. 
It will be clear in this connection that 
the first formula which was used for the 
calculation of the curves F, and F, in 
Fig. 4 may be visualised as an extreme 
simplification of the grid principle, for it 
was developed on the assumption of only two 
beams intersecting at right angles, in the 
centre of the slab. As the number of the 
‘beams increases, a closer precision is arrived 
at, but the calculation of the deflections at 


Oct. 8, 1954 


the points where the beams intersect becom 
more and more difficult. 

Two alternative approaches are th 
possible ; in order to simplify the Calculation 
of the deflections we may disregard the 
torsional effect transmitted from the east. 
west group of girders to the north-south 
series, and vice versa. This assumption yjl 
then, yield a simplified, conventional pseudo. 
grid system capable of an easier treatmen, 
than the more realistic problem of a try 
grid with entirely rigid joints. Varioy 
solutions of these two problems hay 
been suggested. For instance, Timoshenky 
solved the first problem by  applicz. 
tion of the trigonometrical series to th 
calculation of the deflected axes of th 
individual beams. On the other hand, ; 
solution of the second problem by th 
relaxation method was given in a paper 
recently published by W. Ewell, Shige 
Okubo and J. Abrams. 

Comparing the deflections calculated by 
the application of the pseudo-grid methoj 
to a square slab, with those given by th 
theoretical formula of Wojtaszak,® th 
following table is obtained :— 


TABLE IV 
Joints 


Method of }1 |2 |3 | 4 | 5 [6 |7 | 








3 | 9 lh 











Deflection coefficients 
133] 204] 240| 371| 592| 691| 903|1087|13% 
140) 215 





Wojtaszak | 46 


Grid 49 
Analogy 

















As a proof of the precision of the results 
arrived at by the grid analogy method, this 
table is undoubtedly interesting. It should 
be realised, however, that the grid comprised 
in this case no less than nine beams (eight 
plus two half beams, to be more precise) in 
each direction, and this meant rather 
laborious arithmetic. The method is there- 
fore more adapted to special cases of rein- 
forced concrete slab analysis, such, for 
instance, as a rectangular floor panel witha 
central support, rather than to the elementary 
rectangle, investigated in the current problem 
of gate design. The grid analogy is never- 
theless worth mention, as a starting point for 
possible further development, particularly 
if the plastic deformation has to be con 
sidered, in addition to the elastic deflections 
dealt with in the traditional theory. 

* “ Deflections in Gridworks and Slabs,’’ by Walter W. Evel! 


Shigeo Okubo and Joel I. Abrams, Separate No. 89, Proc, 
A.S.C.E., September, 1951. 


* “The Calculation of Maximum Deflection, Moment ani 
Shear for Uniformly Loaded Rectangular Plate with Clamped 


Edge,”’ by I. A. Wojtaszak, Trans. Am.S.Mech.Eng., 1937, pax © 


A-173. 
( To be continued ) 





Beyer-Garratt Locomotives for 
Rhodesia 


Last week we were invited to the works of 
Beyer Peacock and Co., Ltd., at Gorton, Man- 
chester, to see the new class ‘* 20 ’’ Beyer-Garratt 
locomotives, fifteen of which are being buill 
for the 3ft 6in gauge Rhodesia Railways. These 
new locomotives each have a total weight in 
working order of 225 tons and with a 4-8-2+ 
2-8-4 wheel arrangement are designed for 
a 17-ton axle load. At 85 per cent boiler pressur 
they have a tractive effort of 69,330 Ib and at 75 
per cent 61,180 lb. The boiler working pressurt 
is 200 Ib per square inch and the total evaporé- 
tive heating surface is 3024 square feet, i 


addition to which there is a 748 square foot | 


surface superheater. The grate has an area of 
some 63 square feet and a mechanical stoker 
fitted. The locomotives have bar frames with 
cast steel frames for the outer bogies. All bogit 
axles and return cranks are fitted with rolle 
bearings. During the visit we were shown the 
locomotives in all stages of construction, whils! 
one of the engines recently completed was undet 
steam in the works yard. 
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THE ENGINEER 


Commercial Motor Show 


No. II—( Concluded from page 448, October 1st) 


HE Commercial Motor Show at 

Earls Court, London, closed last Friday, 
October Ist. In concluding our article on the 
vehicles and components exhibited we 
give a brief survey of the trends in 
transmission components, suspension braking 
and steering systems, 

GEARBOXES 


Although a considerable number of heavy 
goods vehicles are still fitted with the ortho- 
dox kind of “ crash” gearboxes, there is no 
doubt that the general tendency is directed 
towards a more extensive use of the constant- 
mesh gearbox with helical gears and sliding 
dog clutches, at least for the gear ratios 
mostly used. The majority of medium-sized 
goods vehicles and practically all pas- 
senger vehicles nowadays employ gear- 
boxes with synchronised engagement for all 
but the bottom gear, while city buses 
which have to operate in particularly heavy 
traffic are generally equipped with hy- 
draulic clutches and pre-selective epicyclic 
gearboxes. 

The latter kind of gearbox has been greatly 
improved during recent years, mainly by 
using compressed air instead of the original 
springs to engage the gears. This system, 
which has already reduced the gear changing 
effort considerably, has now been further 
developed towards semi-automatic control, 
whereby the mechanical preselector system 
with one air cylinder gives way to direct air 
or oil operation with independent actuating 
cylinders for each gear. The two opera- 
tions of gear selection and engagement pre- 
viously required are now combined into one, 
and the automatic transition from one gear to 
another can be initiated by the driver solely 
by moving a short gear lever through a small 
“gate.” By the elimination of the clutch 
operating pedal the system gives true two- 


» pedal control and ensures a smooth, fast and 


silent change as well as an almost continuous 





traction irrespective of the skill of the driver. 
Examples of the new transmission, which is 
based on the well-known design produced by 
Self-Changing Gears, Ltd., and is now made 
under licence by A.E.C. and Leyland, were 
displayed on several passenger vehicles made 
by these firms. The transmission consists of 
three basic units, an automatic coupling, 
such as a fluid flywheel or a centrifugal 
clutch, a four-speed, direct-action epicyclic 
gearbox, and a valve assembly. The latter 
can be directly attached to the gearbox and 
operated electrically by remote control 
(A.E.C.) or can be mounted as a separate 
unit in the driver’s cab and connected with 
the gearbox by a system of pipelines (Ley- 
land). As a rule, air pressure is used as the 
operating medium for the brake-actuating 
cylinders, though for special applications, as, 
for instance, in the new lightweight London 
bus, oil pressure can be used for this purpose. 

The running gear of the gearbox (Fig. 11) is 
essentially similar to that of the earlier 
arrangements : the top speed is a direct 
drive, obtained by a multi-plate ‘clutch, 
whilst epicyclic trains provide reductions in 
the lower ratios ; the basic gear train is that 
of first speed and the remaining trains are 
compounded to allow the annulus of the 
basic train to rotate at certain fixed pro- 
portions of the input shaft speed. In direct 
drive the multi-plate clutch is engaged and 
the entire running gear rotates as one unit. 

Around each epicyclic annulus is a brake 
band assembly of two concentric bands, both 
being lined with friction material. The brake 
bands are self-centralising and self-wrapping 
in action, and a constant clearance between 
the drums and liners is maintained by auto- 
matic spring adjusters. 

Operation of the top speed clutch and the 
brake bands is effected by compressed air or 
hydraulic pistons. Thrust for the clutch is 
transmitted through a direct mechanical 
linkage to the thrust bearing housing, and 


Fig. 11—Pneumo-cyclic gearbox in which a gear change is made solely by a hand gate-change lever 
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thence through the bearing to the clutch 
plates. For first, second and third speeds a 
one-piece lincred aluminium cylinder block 
is used, the cylinders being varied in size to 
suit the different holding torque required. 
The reverse cylinder is contained separately 
on the other side of the running gear. Con- 
tinuity of traction is achieved by auto- 
matically controlling the rate of admission 
and release of air or oil for each cylinder 
through individual restrictor valves, which 
predetermine the speed at which the brake 
bands can be contracted and released. 
Pressure lubrication of the running gear is 
provided through the hollow main shaft by 
an oil pump driven from the input shaft. 
The semi-automatic four-speed gearbox 
can be supplemented by an overdrive gear 





Fig. 12—Epicyclic overdrive gear 


which, housed in a separate casing, is position- 
ed between the engine and main gearbox and 
attached to the latter. This device was shown 
in a Crossley “ Regal” Mark IV coach 
chassis and consists of an epicyclic overdrive 
gear which is automatically engaged, in 
accordance with the prevailing conditions of 
road speed and resistance, by the combined 
action of a centrifugal clutch and a torque- 
responsive coupling. 

Auxiliary Gearboxes.—The employment of 
auxiliary gearboxes, which in the past has 
been mainly confined to heavy load carriers 
and cross-country vehicles, has nowadays 
become more popular for medium-sized 
vehicles and is frequently used as an alter- 
native to the two-speed rear axle to gain the 
maximum advantage from the characteristics 
of the diesel engine. An interesting new epi- 
cyclic overdrive gear (Fig. 12) was to be seen on 
the Albion “‘ Clydesdale” chassis, designed 
mainly for meeting the need of an increased 
vehicle speed when running lightly loaded. 

The epicyclic auxiliary gear which has an 
over-drive ratio of 1-33 : 1 is located between 
the clutch and the five-speed gearbox, and 
is operated by applying a band brake to the 
sun wheel by means of a vacuum-operated 
piston, the vacuum supply being taken from 
the brake vacuum storage tank. Change of 
gear has a negligible effect on this vacuum, 
as the size of the cylinder which effects the 
gear change is small. The gear is designed 
to be fitted between the clutch and the 
normal gearbox. As it has to deal with 
engine torque only and not with multiples 
of it, it can be kept light and compact, 
adding only 3%in to the length of the engine 
gearbox unit and increasing its weight by 
not more than 60 Ib. A gear pump, driven 
from the layshaft of the main gearbox supplies 
oil under pressure to all working parts of the 
overdrive gear. 

The overdrive gear is engaged by a short 
lever under the steering wheel. It can be 


turned from the “ low ” or “ direct ”’ position 
into “high” without using the clutch. A 
roller free wheel, interposed between the 
sun wheel and planet carrier, allows the 
vehicle to “‘ coast” when the low gear ratio 
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Fig. 13—Tandem bogie with two-speed axles 


is engaged. Re-engagement of the drive 
can be obtained immediately by moving the 
lever to “high,” thereby locking the free 
wheel, for the purpose of utilising the retard- 
ing action of the engine. 

Although the auxiliary gearbox seems to 
be the most widely used device for doubling 
the number of available gear ratios, there is 
still a considerable demand for the well- 
known two-speed rear axle with electrical or 
vacuum control of the gear shift. A tandem 
two-speed axle which has been recently intro- 
duced by Eaton Axles, Ltd., was shown for 
the first time at Earls Court (Fig. 13). It 
consists of two Eaton spiral-bevel gear axles, 
the foremost of which carries a power divider 
or transfer box which transmits the drive 
through a short, universally jointed shaft to 
the rear axle. The transfer box also contains 
a third differential to ensure equal distribu- 
tion of the torque between the four wheels ; 
a differential lock can be fitted as an optional 
extra. 

The axles of the tandem unit are flexibly 
connected by two rigid beams which are free 
to rock on trunnion bearings secured to the 
semi-elliptic springs. The rocking beams, 
while allowing the wheels to accommodate 
themselves to uneven road surfaces, ensure 
that the axles remain parallel to one another. 


AXLE DRIVES 


As far as the rear axle drive is concerned, 
the show did not indicate any marked 
deviation from orthodox practice. The spiral 
bevel gear, in the heavier class of vehicles 
frequently with double-reduction gear, still 
dominates the field of goods vehicles, the 
worm drive that of passenger vehicles. The 


Fig. 15—30-ton axle with 13-22 : 1 compound epicyclic reduction in the hubs 


hypoid bevel gear drive, extensively used for 


motor-cars and light commercial vehicles, 
is now finding a wider application in the 
field of heavy vehicles, for instance, in the 
7-ton “‘ Big Bedford ” trucks and buses of 
Vauxhall Motors, Ltd. The hypoid gears 
have the advantage of being considerably 
stronger than spiral bevel gears of equivalent 
size, because off-setting the hypoid pinion 
below the centre of the crown wheel makes 
it possible to use a larger pinion with stronger 
teeth for any given axle ratio. 

An interesting example of the suitability 
of the hypoid drive for double-drive bogies 
was displayed at the stand of Kirkstall Forge 
Engineering, Ltd. The bogie, designed to 
carry the load of two driven axles at ground 
of 24 tons, is similar to the existing Kirkstall 
worm-driven axles as far as the suspension 
arrangement and the epicyclic gearing in the 
wheel hubs are concerned. The worm drive 
of the axles, however, has been replaced by 
hypoid bevel gearing, and advantage has been 
taken of the normal offset of the hypoid 
pinions to enable the drive shaft to pass over 
the normal axle shafts, thus transmitting the 
torque in a straight-through drive to the 
rearmost axle. 

Another exhibit at the same stand was 
a rear axle, designed for very heavy vehicles 
for duties such as earth moving, &c., 
capable of carrying a load at ground of 
30 tons (Fig. 15). For the required tractive 
effort the axle has to cover a range of ratios 
from 22 to 32:1. In order to keep the 
diameter of the axle centre small and the 
stresses on drive gear and differential assembly 
low, the main reduction ratio of 13-22:1 
has been incorporated in the wheel hubs, the 
reduction ratio in the axle centre varying 
according to require- 
ments between 1-6: 1 
and 2:4:1. The big 
reduction in the hubs 
has been obtained by 
using a __ two-stage 
gearing consisting of 
two sets of epicyclic 
gears which are com- 
pounded in such a way 
that the reactions from 
the primary reduction 
act in the same direc- 
tion as the final rediic- 
tion. It is interest- 
ing to note that the 
tractive effort available 
from this single axle 
is nearly twice as much 
as that -of a -main 


Fig. 14—Gregoire suspension 


line express locomotive and equivalent to 
that of ten double-deck buses. 


SUSPENSIONS 


Apart from the independent front suspen. 
sion of the new London bus, there are hardly 
any suspension units indicating a novel 
approach or incorporating particularly 
interesting features. As an example of a 
well-designed bogie system we mention 
the suspension of the  Thornycrofi 
** Nubian ” 14-ton six-wheeler chassis, the 
bogie of which is supported on each side by 
two pairs of inverted semi-elliptic springs 
independently pivoted at their centres to 
brackets attached to the frame (Fig. 16), 
The ends of the springs are connected with 
the axles by gimbals in such a way that the 
axle torque is transmitted to the chassis 
members by the longitudinal thrust of the 
springs and not by bending. The design 
ensures an even distribution of the load under 


all conditions and eliminates the transfer of F 


load due to driving and braking forces. A 


diagonal difference in wheel level up to 16in é 


is possible without causing any spring 
distortion. 

Another interesting suspension which has 
already been mentioned in our short descrip- 
tion of the Dennis “ Ambulance ”’ chassis 
is the Gregoire system, several varieties 
of which were displayed at the stand of 
William Cary, Ltd. The purpose of this 
system is to keep the frequency of spring 
oscillations constant, irrespective of whether 
a vehicle is running empty or heavily loaded. 
The usual method of meeting these require 
ments takes the form of a laminated spring 
with the addition of auxiliary leaves which 
come into action after a certain load has 
been taken by the main spring. This, in 
effect, gives a dual rate suspension, bu! 
limitations in design still give rise to high 
frequencies in the lightly loaded condition. 
Ideal conditions, i.e. constant frequency 
for all loaded conditions, can only & 
obtained by a system in which the stiffness 
of the suspension increases in the same pro 
portion as the load. 

In the Gregoire suspension system the 


stiffness of the main leaf spring is corrected by 


an additional coil spring which is mounted 


between the axle and the longitudinal chassis } 


member (Fig. 14). The leaf spring is designed 
to give the desired frequency in the lightl) 
loaded condition; in this condition th 


coil spring operates in an almost horizontal] 


position, i.e. perpendicular to the movemell 
of the axle and, consequently, having ™ 


effect -on the -characteristic of the mally 
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spring. With increasing load as the latter 
is deflected, the angle between the axis of 
the coil spring and the axle movement 
increases, and so does the vertical component 
of the opposing tension exerted by the 
corrector spring. By suitable positioning 
of the spring abutments and selection of 
the spring characteristics it is possible to 
keep the ratio of spring stiffness to load and, 
therefore, the frequency of the combined 
system, sufficiently constant for all practical 





Fig. 16—Suspension of 14-ton six-wheeled chassis bogie 


purposes. The Gregoire suspension system, 
which is already used on the Continent for 
motor-cars as well as for commercial vehicles, 
might easily find a wider application, 
especially for such public service passenger 
vehicles as have to operate under greatly 
varying conditions of load. 


BRAKES AND STEERING 


No particular new trends are apparent 
in the design of brakes ; hydraulic brakes 
predominate amongst the light and medfum- 
sized vehicles, and servo assistance has 
become almost universal. In vehicles fitted 
with petrol engines the vacuum system is 
most common, while with the heavier classes 
of diesel engine vehicles, especially those for 
export markets, the cam-operated air- 
pressure brake seems to be generally favoured. 
In this latter kind of brake system, the 
diaphragm-operated brake cylinder is 
gradually replacing the plunger-operated 
one. Another system which is gradually 
becoming more popular is the fully hydraulic 
Lockheed system, made by the Automotive 
Products Company, Ltd., in which the fluid 
pressure is generated by a small plunger oil 
pump. Both the hydraulic and the com- 
pressed air system are particularly suitable 
for passenger vehicles as the pressure, storéd 
in air receivers or in fluid accumulators, can 
be used, apart from brake operation, for 
such other functions as door, clutch and 
gear-change operation, engine throttle 
control (for underfloor engines) and power- 
assisted steering. 

It has been argued that with the increased 
speed of goods and passenger vehicles the 
internal shoe-and-drum brake has reached 
the limit of its usefulness, and that some 


alternative means. of retarding the vehicle . 


must be found. The disc brake, though 
showing great promise mainly because of 
its improved heat dissipation, has until 
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recently been held up by production diffi- 
culties. An example of the latest segmental 
disc brake,. designed for a heavy Mid- 
land bus, was displayed at the stand of 
Girling, Ltd., and it is claimed that wear 
resistance of the brake linings is greater 
than that of conventional shoe brakes. 
The new brake differs from earlier versions, 
in that the friction pads are replaced by thick 
segments which prevent any excessive heat 
transfer to the hydraulic cylinders and thus 
prevent vaporisation of the brake fluid. 
Interest was also shown in the exhaust 
brake which has been in use on the Continent 
for more than twenty years with much success. 
It was introduced as an optional extra in 
several of the latest vehicles. The exhaust 
brake is an additional brake, independent of 
the normal wheel brakes and utilises the 
engine power to provide a steady retardation 
of the driving wheels of the vehicle. The 
exhaust brake valve, generally a butterfly 
valve (Fig. 17), is fitted in the exhaust 
manifold, which, when brought into use, 
closes the engine exhaust outlet, thereby 
building up back pressure on the engine side 
of the valve. The engine thus works as a 
single-stage low-pressure air compressor ; 
although the air pressure in the engine rarely 
exceeds 45 Ib per square inch, the retarding 
action of the exhaust brake on a diesel engine 
corresponds practically to that of one stage 
of the gearbox. The exhaust brake can effect 
substantial operating economies by reducing 
wear on the wheel brake shoes and drums 
and also by lowering the time and cost of 
maintenance and adjustment. The use of 
exhaust brakes is restricted to diesel engines 
where the fuel cut-off during the brake appli- 
cation is easy to effect ; also, the retarding 
performance of a petrol engine working as 





Fuel Pump 














Fig. 17—Arrangement of exhaust brake 


compressor would be small, as the com- 
pression ratio is not sufficient. 

The brake valve in Continental vehicles is 
most commonly controlled from a hand 
lever on the dash or on the steering column 
by means of a simple mechanical linkage. 
In modern underfloor engined vehicles this 
system would be impracticable, and British 
manufacturers of servo mechanisms have 
developed means of operating the exhaust 
brake by remote control. Since most com- 
mercial vehicles are equipped with power- 
assisted brakes, the obvious solution is to 
utilise the available power to operate the 
brake by a suitably mounted servo cylinder. 
Exhibited at the stand of the Clayton Dewandre 
Company, Ltd., was a comprehensive range 
of control equipment, operated either by 
vacuum, compressed air or hydraulic pressure. 
Irrespective of which form of power opera- 
tion is-employed, the actual control of the 
servo mechanism can be effected either 
manually—this system being preferred by 
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the majority of drivers—or automatically, i.e. 
in combination with either the application 
of the brake pedal or with the release of the 
accelerator pedal. With automatic operation 
the control valves are operated by micro- 
switches attached to the respective pedals. 
As a rule the fuel injection of the engine is 





Fig. 18—Pneumatic power steering system 


cut off with the application of the exhaust 
brake, this simultaneous cut-off being effected 
by a small servo cylinder connected with the 
governor of the injection pump. 

Power-assisted steering in the past has been 
mainly used for specialised heavy goods and 
military vehicles. For a number of reasons 
such equipment is now considered desirable in 
the wider field of commercial vehicles, and 
several of the chassis displayed at the show 
were fitted with power steering. 

The principle of the power-assisted steering 
is basically similar to that of other servo 
mechanisms employing hydraulic or pneu- 
matic pressure. The spring-loaded control 
valve is generally attached to the steering 
column and is actuated by some moving part 
of the mechanism, for instance the steering 
nut or the worm shaft, when the effort on the 
rim of the steering wheel exceeds a preset 
value of about 15lb to 20lb. The valve 
admits fluid under pressure on one side or 
the other of the double-acting servo cylinder, 
which can be either incorporated in the 
steering column itself or positioned at 
wheel level and connected by suitable means 
with the steering linkage. The valve loading 
is so arranged that a non-assisted “‘ feel ” is 
experienced at the low manual effort needed 
for small corrections during straight ahead 
travel. The power-assisted movement is 
practically instantaneous, and the driver 
is not conscious of any time lag in operation. 
The normal mechanical link between the 
steering mechanism and the road wheels 
being preserved, manually operated steering 
is available should a fault develop in the 
power system. An example of an air pressure 
steering system with the control valves 
attached to the steering column and the 
servo cylinder linked to the drop arm 
(Fig. 18) was exhibited by Westinghouse 
Brake and Signal Company, Ltd. 
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Notable Locomotives of 1904 


By E. C. POULTNEY, O.B.E. 


HILE the general trend in locomotive 

design in 1904 was towards the introduc- 
tion of larger types, exemplified by the six- 
coupled engines of the Great Western and 
Caledonian and “ Atlantics”’ on the Great 
Northern and Great Central lines, those loco- 
motives introduced during the year 1904 are 
interesting as being of the four-coupled 4-4-0 
classification. Possibly the most interesting 
were the celebrated “Precursor” 44-0 
passenger engines, designed by G. Whale at 
Crewe for working the heavy express passenger 
service on the London and North-Western 
Railway. Introduced to take the place of along 
series of compound locomotives built during 
a period of upwards of twenty years according 
to F. W. Webb’s three and four-cylinder 
systems, the new simple expansion 4-4-0 
type attracted, as might be supposed, much 
attention, for they represented a com- 
plete contrast with former Crewe practice. 
Further, in size and potential power, this new 
design represented a considerable advance 
compared with others of the widely-used 
4-4-0 type. Concurrently with the intro- 
duction of this well-known type for fast 
passenger traffic on the London and North- 
Western, other railways were also giving 
attention to the further development of the 
4-4-0, notably J. F. McIntosh on the Cale- 
donian, G. J. Churchward of the Great 
Western, and D. Drummond on the London 
and South-Western. Actually, the 4-4-0 
was up to that time, and remained so 
for many years later, the predominant type 
in express passenger services, so much so 
that on a number of lines it was long 
regarded as a standard, a notable instance 
being the Midland, which, in fact, never used 
any other for the heavier express passenger 
services. 

S. W. Johnson, during his long term of 
office as locomotive superintendent of the 
Midland Railway, designed at Derbya number 
of excellent examples of the 4-4-0 locomo- 
tive, some of which appeared in the form of 
three-cylinder compounds first built in 1901, 
followed later in 1902 and 1903 by a series 
of “simple” two-cylinder engines, his last 
before retirement at the end of 1903. Like 
the later Midland 44-0 and “single” 
driver engines, they had piston valves and 
Stephenson gear and included, for the first 
time for simple expansion engines on the 
Midland, boilers having the Belpaire fire- 
box. On account of their date, these engines, 
properly speaking, fall rather outside 
the sphere of this article, which deals with 
events in the world of locomotives fifty 
years ago; however, as the 4-4-0 is being 
largely considered, these interesting engines, 


due to a great designer, may receive some 
notice. 

As will be seen from the illustration, Fig. 1, 
they were impressive in appearance and of 
large proportions. 

The Midland was one of the first companies 
to fit piston valves, the earliest application 
being made as far back as 1893, when some of 
Johnson’s famous “ single” driver express 
engines were so fitted. Since that time valves 
of this description were used for 44-0 
engines in 1901 and the later classes of 
‘single’ driver locomotives. The latest 
of S. W. Johnson’s 4-4-0, as now illus- 
trated, were also equipped with these valves, 
operated, as already mentioned, by Stephen- 
son’s gear in line with S. W. Johnson’s 
standard practice. The valves used at that 
time on the Midland were, like the cylinders, 
of a design due to W. M. Smith of the North- 
Eastern, and, in connection with this Midland 
development of the period, it may be interest- 
ing to bring to mind some novel experiments 
undertaken with the idea of finding out the 
relative wear of piston and slide valves. 

The piston valves used were of Smith’s 
patented type, having segmental rings so 
fitted that they were pressed outwards 
against the valve liners by steam pressure 


Oct. 8, 1954 


weighed and records made of the amount of 
metal worn off. The results obtained showed 
that the average wear of the piston valves wa, 
one-sixth of that of the slide valves, as shown 
by comparing the weights when new anq 
after equal distances of running. The calcy. 
lated ratio of the total pressures acting on the 
two types of valve was also approximately 
one-sixth, from which it was concluded tha 
the coefficient of friction was Practically 
constant. 

Particulars of these experiments were com. 
municated to a conference of the Institution 
of Civil Engineers by S. W. Johnson in 1897. 

The following are the chief dimensions of 
the Midland 4-4-0 engines of 1902 ang 
1903 :— 

Cylinders... ... ... .,. ...  19}in by 26in 
Coupled wheels,diameter ... 8lin 
Boiler pressure ss «ee 185 1b per square inch 
Heating surfaces : 
TER. sis 000 1383 square feet 
145 square feet 


... 1528 square feet 
. 25-0 square feet 


35-48 tons 
. 53-20 tons 
19,200 Ib 


WHALE’S “* PRECURSOR ”’ CLASS 


Reverting now to locomotives of 1904, the 
“Precursor” class—Fig. 2—first claims 
attention as representing an outstanding 
development of the 4-4-0 type. In general, 
the design followed the Crewe school, reach- 
ing back to the days of John Ramsbottom 
and maintained in more recent times by F. W. 
Webb, except that compounding, a feature 
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TABLE I.—Principal Dimensions of Various Locomotives Described in this Article 








Railway 
Type 


C.R. 


| 
| G.W.R. L202. | GER. 
| 440 | 440 | 442 





| 
Cylinders (two), dia. and stroke, in ...| 
Driving wheels, diain ... ... ... ... 81 
Steam pressure, |b per square inch | 
Rated tractive force,Ib. ... ... ... 
Heating surfaces, square feet : 

Tubes 


a Se ee 
Weights in working order, tons 
On driving wheels... ...  ... 
Engine 
Tender 
Total 
Factor of adhesion 
Rated tractive force/grate area 


19 x 26 
78 
180 

18,411 


j 19 x 26 19 x 26 

80-5 | 79 81 
200 175 180 

20,600 17,610 | 17,729 


1,685-8 | ° | 1,818 | 1,988 -65 
128-3 | 328 | 154 154-26 
1,818°1 | 1,972 | 2,142-91 
20-5 | 24-0 26-2 27-07 


| 18x 30 


37:1 . . 39-0 
58-8 ‘ ° 70:5 
36-75 “85 | 3 | 43-15 
95-55 ° . 113-65 
4-09 | -72 . 3-81 
1,004 | 3 | 850 





* Later engines had 1,962 square feet of heating surface, number of tubes reduced from 309 to 301. 


+ Firebox heating surface includes water tubes. 
when running with steam “on,” but if for 
any reason any water became trapped in the 
cylinders due to “carry over” caused by 
priming, the segmental rings could collapse 
inwards, thus allowing the water to escape. 
In order to establish the rate of wear of the 
valve segments and slide valves, investiga- 
tions were carried out with “ single” driver 
locomotives of similar kind, half of which 
were fitted with piston valves and the re- 
mainder with slide valves. The engines 
worked express passenger trains between 
Derby and Bristol, and the piston valve 
segmental rings and the slide valves were 


Fig. 1—Johnson’s 4-4-0 express locomotive, for service on the Midland Railway 


of Webb’s practice, was abandoned in favour 
of the “simple” two-cylinder layout. The 
boilers for the “‘ Precursor ”’ class were of 
large proportions ; they were of the normal 
round top pattern as distinct from the 
Belpaire design and had a deep firebox 
extending down between the coupled axles, 
spaced at 10ft centres for this purpose. 
There was a total of 309 1gin diameter tubes, 
12ft 24in long, between tube plates, giving 
1848-4 square feet of heating surface, which, 
added to 161-3 square feet provided by the 
firebox, made the high total of 2009-7 square 
feet. 

The two inside cylinders, 19in by 26in, had 
semi-balanced slide valves in overhead steam 
chests, operated by Joy’s valve gear, and the 
built-up balanced crank axle had a central 
bearing. In fact, the assembly of the inside 
motion as a whole closely resembled that 
used by Webb for his four-cylinder com- 
pound engines. The working steam pressure 
was 175 1b per square inch, which, in con- 
junction with four coupled 8lin wheels, gave 
a tractive force of 17,2001b. The “ Pre- 
cursor” turned the scales at 59-75 tons, of 
which 38 tons was available for adhesion, 
giving an adhesive factor of 4-9. A further 
distinguishing feature of these locomotives 
were the tenders, which had all-steel under- 
framing in place of wood, hitherto standard 
practice at Crewe. Leaving the Crewe shops 
early in 1904, the engine ‘* Precursor” ran 





— ee -—s at 


— D> 






154 


Nt of 
Owed 
$ Was 
10Wn 

and 
alcy. 
N the 
ately 

that 
Cally 





com: 
Ition 
1897, 
1s of 
and 









, the 
aims 
ding 
eral, 
ach- 
tom 


ture 


our 
The 
> of 
mal 
the 
box 
cles, 
Ose. 
bes, 
ying 
ich, 
the 
are 




































Oct. 8, 1954 


THE ENGINEER 





Fig. 2—Whale’s express passenger engine ‘‘ Precursor ”’ 


an official trial on March 27th from Crewe to 
Rugby and return, when it demonstrated its 
ability to work a train of fifteen eight- 
wheeled coaches and a dynamometer car, 
making a total weight behind the tender of 
314-7 tons at a mean speed of 52-7 m.p.h. 
for the outwards journey and at 54-6 m.p.h. 
for the return trip. 

A number of indicator diagrams, taken 
during both journeys, showed an average of 
1032 ih.p. for the first run and for the 
second the mean was about 965 i.h.p. On 
the first trip a maximum of 1174 i.h.p. was 
recorded when running on a level section of 
the road at 61 m.p.h. Particulars of this 
interesting experimental trip were given in 
THE ENGINEER of April 15, 1904. A notable 
point in the design of these engines was the 
large steam ports, which were 15in long by 
2in wide, equal to 10-6 per cent of the piston 
area, the result of which is reflected in the 
good shape of the indicator diagrams, 
examples of which were published in THE 
ENGINEER describing these trials. 


THE CALEDONIAN LOCOMOTIVES 


For working the more important express 
passenger services on the Caledonian Rail- 
way, J. F. McIntosh, after introducing his 
two large 4-6-0 locomotives in 1903, again 
turned attention to the 4-40, with the result 
that a new and particularly handsome design, 
known as the “ 140” class, was built at the 
company’s St. Rollox Works. The new 
engine—Fig. 3—resembled the well-known 
“ Dunalastair ” class of 1896, of which they 
constituted the fourth successive step taken in 
the development of this initial design. The 
“140” class, though larger than those pre- 
viously built, was in general very similar in de- 
taildesign. The inside cylinders, 19in by 26in, 
had their slide valves between worked as be- 
fore by Stephenson’s valve gear and the coupl- 
ed wheels, 78in diameter, as for the earlier 
engines, together with a steam pressure of 
180 lb per square inch gave the new engines 


a tractive force of 18,411 1b, the same as for 
the previous “900” class of 1899. It was 
in the size of the boiler that the new engines 
differed from those previously introduced, the 
total heating surface being advanced to 
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145 square feet comparing with 138 square 
feet for the “900 ”’ class and 118 square feet 
in the case of the original ‘“ Dunalastair ” 
class of 1896. As a matter of interest, 
Table II herewith sets out the leading 
dimensions of the McIntosh four-coupled 
designs in the order of their appearance. 
The “140” class were, like the earlier 
McIntosh engines, quickly noted for their 
good work in fast passenger traffic, and in 
this connection reference may be made to 
C. Rqus-Martin’s articles in THE ENGINEER 
of thé period and perhaps notably that 
appearing in the issue of December 8, 1905. 


G. J. CHURCHWARD’S “‘ County ”’ CLASS 


Following the “ City ” class of 1903, G. J. 
Churchward designed and built at Swindon 
in 1904 his “‘ County ” class 44-0 engines— 
Fig. 4—chiefly interesting as being a com- 
plete contrast to prevailing practice in the 
construction of others of this wheel classifica- 





Fig. 4—Churchward’s ‘‘ County ”’ class locomotive, G.W.R. 


1615 square feet, as against 1540 square feet 
for the immediately preceding design of 1899. 
This increase in heating surface was made up 
of that given by a larger firebox contributing 


tion. Standardisation being the keynote of 
Swindon practice, the new engines were 
made up of certain components already in 
existence ; for instance, the boiler adopted 


TABLE II.—Caledonian Railway Four-Coupled Express Locomotives (4-4-0 types) 1896-1904 


























ar l | l 
Class | Cylinders | Coupled | Boiler Tractive | Heating surfaces, square feet | Grate Engine weights, tons 
and dia. and | wheels, pressure, | force, Ib., | | | | area, | 
date | stroke,in | dia.,in | Ib. per at85 per | Tubes Firebox | Total | square {On coupled) 
| | | Square in | cent B.P. oot wheels | Total 
Dossiagals | 18}x26 | 78 | 160 | 15,100 | 1,284-45 | 118-78 | 1,403-23 | 20-63 31-25 46-99 
Breadalbane 19x26 | 78 | 175 | 17,900 | 1,381-22 | 118-78 | 1,500-0 | 20-63 32:7 | 49-0 
| | | 
. ; 19 x 26 78 | 180 | 18,411 | 1,402-0 | 138-0 | 1,540-°0 | 22-0 34-65 51-7 
class, | | | | 
~ a 19 x 26 78 180 18,411 | 1,470-0 | 145-0 | 1,615-0 | 21-0 35-84 | 54-37 
class, 1904 | | | | | 
was that as used for the previous “ City” 
class. On the other hand, the front end, 





Fig. 3—Mclntosh’s Caledonian 4-4-0 express locomotive 





including the cylinders and valves, was for 
all practical purposes a duplicate of those 
fitted to the 46-0 passenger engines 
having much larger boiler capacity. Other 
standard parts included the valve gear 
details and the size of the coupled wheels. 
The design is of interest principally as show- 
ing that the selection of standard component 
parts put together to comprise a new 
engine is not necessarily prudent procedure, 
for the “‘ County ” class do not seem to have 
met with the success that accompanied 
Swindon practice of the period. The tractive 
force was high, due to the large cylinders, but 
the boiler capacity was limited by the rela- 
tively small grate area of 20-5 square feet. 
This would set a limit on the running tractive 
force attainable, while the somewhat low 
value of the adhesive weight/tractive effort 
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Fig. 5—Drummond’s 4-4-0 express locomotive 


ratio might render starting difficult under 
adverse rail conditions. 


DRUMMOND’s 4—4—0 LOCOMOTIVES 


The Drummond four-coupled engines for 
the London and South-Western passenger 
traffic followed, as might be expected, the 
designer’s previous practice on the North 
British and, later, on the Caledonian. 

The class illustrated—Fig. 5—had inside 
cylinders fitted with ordinary slide valves, 
actuated by Stephenson’s gear, the whole 
assembly following along the lines of the 
Scotch-built locomotives. The boilers had 
the normal round top previously used, but 
were distinguished by being fitted with two 
nests of cross water tubes, uniting the water 
spaces on either side of the internal firebox, 
thus adding materially to the firebox heating 
surface. Though the firebox was of the 
normal deep type, extending down between 
the coupled axles as in the L.N.W.R. “ Pre- 
cursor” class engines, the grate area was 
24 square feet, even though the distance 
between the coupled axles was 10ft, as in 
the case of Whale’s “‘ Precursor ”’ class. 










GREAT CENTRAL ‘“* ATLANTICS ” 


Following the first two experimental 
* Atlantic” locomotives built in 1903 
by Beyer, Peacock and Co., from designs 
prepared by J. G. Robinson, locomotive 
superintendent of the Great Central, and 
illustrated in THE ENGINEER of August 21, 
1903, a further five of substantially the same 
dimensions were constructed by the firm 
during 1904. These successful engines were 
the forerunners of a number of the same 
design built during 1905 and 1906 by the 
North British Locomotive Company, who 
supplied fourteen engines during the former 
year and a further lot turned out in the latter 
year by the railway company’s shops at 
Gorton. 

At the time of the introduction of these 
* Atlantics,’’ Great Central passenger services 
were conducted by 44-0 engines, the 
latest class being the first designed by J. G. 


Robinson after assuming the office of loco- 
motive superintendent. These engines had 
18-Sin by 26in cylinders, 8lin driving wheels 
and, with a working steam pressure of 
180 Ib per square inch, had a tractive 
force of 16,900 1b. The Belpaire boilers 
had a total heating surface of 1378 square 
feet and the area of the grate was 21 square 
feet. These engines weighed 52-6 tons, of 
which 35-4 tons rested on the coupled wheels. 
They were built originally by Sharp, Stewart 
and Co. in 1902 and, in 1904, a further lot 
was supplied by the Vulcan Foundry, Ltd. 
The “ Atlantics’’ of 1903 and those built 
in 1904 had features in common with the 
earlier 4-4-0 design ; thus the diameter of 
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the standard size. The valves between ty 
frames, of the ordinary flat type, were oper. 
ted direct by Stephenson’s gear, which was tl. 
standard valve gear for all Robinsoy, 
engines. These “ Atlantics”—Fig. ¢_ 
proved useful and generally  satisfacto 
engines and handled main line passenge, 
service for many years. During later yeap, 
they were fitted with superheater equipmen; 
which brought with it certain changes of deta 
and modified the weight of the engines, 


CHURCHWARD’S GREAT WESTERN 
** ATLANTICS ” 


The last example of 1904 construction jg 
really a conversion, an “ Atlantic ” evolved 
from the 4-6-0 locomotive “ Albion” 9 
1903, altered by removing the trailing 
coupled wheels and substituting a small pair 
of trailing wheels with outside axleboxes jp 
supplementary outside framing—Fig. 7. |p 
this instance the boiler pressure was raised 
from 200 lb to 225 Ib per square inch, thy 
establishing a standard steam pressure which 
existed for many years for larger locomotive 
on the Great Western. The main purpose of 
this conversion was to provide a locomotiye 
of the same type as the French compound 
engine “La France,” working at sub. 
stantially the same boiler steam pressure, 
thus enabling reasonably comparative tests 
being made between two “Atlantic” 
engines: one, “ La France,” a four-cylinder 
compound, and the other, “ Albion,” 4 
two-cylinder simple expansion locomotive, 


Fig. 7—Churchward’s ‘‘ Atlantic ’’ locomotive ‘‘ Albion ”’ 


the coupled wheels was the same, as was also 
the working steam pressure. The “ Atlan- 
tics,” however, had larger cylinders, 19in by 
26in, which increased the tractive force to 
17,729 Ib, and this, together with the greatly 
enhanced boiler capacity allowed by the 
“ Atlantic’ design, provided a much more 
powerful four-coupled locomotive, well suited 
for working fast passenger services. In 
general, the later ‘“‘ Atlantics” followed 
closely the initial two locomotives of 1903, 
one of which, it may be recalled, had 19- Sin 
cylinders and one 19in, which latter remained 
























































Fig. 6—Robinson’s ‘‘ Atlantic ’’ express locomotive 


In view of the remarks made concerning 
the 44-0 “County” class, it will no 
doubt be of interest to compare the relative 
dimensions of these two designs, particularly 
as shown by their respective boiler heating 
surfaces and the grate areas in relation to the 
rated tractive force. A further point of 
some interest is seen in the low weight avail- 
able for adhesion in relation to the tractive 
force in the case of the “‘ Atlantic ’’ design, 
which results in an adhesive factor of only 
3-81, which is much lower than is usually 
thought desirable for a two-cylinder engine, 
and was quite possibly the chief reason for 
the “ Atlantic” being ultimately given up 
in favour of six-coupled 4-6-0 loco 
motives having the same maximum tractive 
force, but with a considerable increase in the 
weight available for adhesion. Had it been 
possible to provide an adhesive weight of, 
say, 42 tons or 21 tons per axle, which would 
have given a factor of adhesion of 4-09, there 
is no reason to doubt that the “ Albion’ 
class ‘ Atlantics ” would have proved very 
successful. Actually, they did quite 4 


lot of very good work, even though they | 


may have been rather “ slippery ” at times. 


LARGE TENDERS 


A noticeable feature of some of the engines 
forming the subject of the present and imme- 
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diately preceding articles is seen in the large 
tenders 1itted in several instances. As a case 
in point, the new tenders used for the 4-4-0 
“ Precursor ” class were much larger than any 
previously used for North-Western engines, 
weighing, When loaded with 6 tons of coal and 
3000 gallons of water, 37 tons compared 
with the larger tenders used by Webb for his 
later engines, which only weighed, when 
loaded, about 26 tons and carried only 2000 
gallons of water. The L. and S.W.R. 4-4-0 
engines, have, as will be seen, large 
tenders running on eight wheels and carry 
5 tons of coal with 3000 gallons of water. 
The weight is 44-85 tons. Tenders of the 
same general design used by J. F. Mcintosh 
for the “* 140 ”’ class also have eight wheels in 
the form of two four-wheeled bogies, turn the 
scales at 53 tons when loaded with 4-5 tons of 
coal and 4300 gallons of water. McIntosh 
first commenced to use eight-wheeled double- 
bogie tenders back in 1897, when the second 
of his ‘‘ Dunalastair’’ series, the “ 766” 
class 44-0 express locomotives appeared. 
For these, the large tenders had space for 
4-5 tons of coal and 4125 gallons of water 
and weighed 49-5 tons. The largest and 
heaviest tenders were however, those fitted 
to the 4-6-0 locomotives Nos. 49 and 50, 
illustrated in THE ENGINEER of August 21st 
last year. These had a fully loaded weight of 
55 tons with 5 tons of coal, together with 
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5000 gallons of water, and were the largest 
tenders in use at that time, though they were 
closely matched by Manson’s eight-wheeled 
tenders for the new 4-6-0 G. and S.W.R. 
express locomotives of 1903. These 
tenders, which carried 4-5 tons of coal and 
4100 gallons of water, had a weight of 50-3 
tons. The latest Midland passenger engines 
were fitted by S. W. Johnson with eight- 
wheeled tenders having a tank capacity of 
4500 gallons with space for about 4 tons of 
coal. On this line large tenders of this type 
were first introduced about 1901 and were 
used for the 4-4-0 three-cylinder compounds 
and also for the later 4-2-2 “‘single’”’ wheelers. 

J. G. Robinson’s “ Atlantics ”’ had tenders 
of the normal six-wheeled type, having a 
weight, when full, of 48-3 tons. These 
tenders carried 6 tons of coal and, for the 
type, had the high tank capacity of 4000 
gallons. Comparing the G.C.R: tenders with 
the eight-wheeled pattern used for Manson’s 
4-6-0 engines, it will be seen that, while the 
Robinson tenders carried 1-5 tons more 
coal and only 100 gallons less water, they 
were lighter by exactly 2 tons. A further 
instance of six-wheeled tenders having con- 
siderable carrying capacity is seen in those 
used by H. A. Ivatt for his wide firebox 
“* Atlantics ”’ of 1902. In this instance the 
weight was 43-1 tons when loaded with 3500 
gallons of water and 6-5 tons of coal. 


Applications of Second Law 
Analysis 


By, EDWARD A. BRUGES, B.Sc.* 


The author has shown elsewhere} in what manner a more critical analysis of a 
power unit may be made, using the availability function, than is possible on the 


basis of the first law of thermodynamics. 
to a steam generator (1) and to a combustion chamber (2). 


He has extended the analysis 
In each case it has 


been assumed the whole of the heat of combustion could be converted to work and 

it is shown what proportion of the heat liberated is actually made available for 

conversion to work. This assumption is justified since the maximum work of 

reaction and the heat of reaction are nearly equal for many reactions and there is 

no reason to suppose that we may not be able to build in the future a unit, not a heat 

engine, which would convert a greater proportion of the heat of reaction to work than 
seems possible at present. 


Availability Function. —The study and 
application of the second law of thermo- 
dynamics is facilitated by the con- 
cept of available and unavailable energy. 
The function entropy is related to this 
concept, since in any process the increase in 
entropy is measured by the increase in the 
unavailable energy divided by the lowest 
available or sink temperature. In any 
system the available energy is that maximum 
portion of the total energy which may be 
converted to useful work and the remainder 
is the unavailable energy or that portion of 
the whole which cannot be converted to 
useful work by any means whatsoever. In 
some ideal engine cycles, for example, the 
Carnot cycle, the heat reservoirs are assumed 
to have indefinitely large capacity, but in 
practice the source is finite and only the sink 
reservoir Or atmosphere may be assumed to 
have infinite proportions. For the latter 
case the available energy may be shown to be 
(h+pov—Tgs) for a fluid having a given 
enthalpy A, volume y, and entropy s, with 
respect to the sink reservoir, the lowest 
available temperature and pressure being 
T, and po respectively. Ina flow process, the 
Velocity of the fluid assumed to be small 
enough so as to yield a kinetic energy term 








* Lecturer in Mechanical Engineering, University of Glasgow. 
t See THe ENGINEER, Match 5, 1954, pages 341-344. 


small in comparison with the thermal quan- 
tities, the available energy is given by 
(h—Tys). The term in brackets has been 
called the availability, denoted by the 
symbol b. 

The analysis of a steam generator offers 
scope for the use of the availability 
function so that the losses may be estimated 
quantitatively. The following data and the 
circuit diagram, Fig. 1, have been assumed 
and are believed to correspond with the 
performance of a modern unit :— 

Percentage composition by weight of fuel 
as fired : moisture, 11 ; ash, 10; carbon, 
65; hydrogen, 4-5; nitrogen, 2; oxygen, 
7:5. 


Evaporation, 9-002lb steam per pound 
of fuel. 
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DJ 950 Ib./sq. in. abs.,930°F. 







Superheater 


C 4 9787 Ib./sq. in. abs. (Dry) 542°F. 


Evaporative 
Section 































70°F. Air 
BA 978-7 Ib./sq. in. abs., 500 °F, 
951 °F. Flue Gases 580°F. Air 280°F. To 
ar Preheater [—* 
Economiser Chimney 
A | 100 Ib./sq. in. abs., 375 °F. 
/ 9 410°F. Air 


Fig. 1 


Lower calorific value of fuel as fired, 
10,700 B.Th.U./Ib. 

Actual air, 11-5 lb/Ib fuel. 

Flue gases, 12-4 lb/Ib fuel. 

Pressure of air and flue gases, 1 atmo- 


sphere. 
Percentage composition by volume of the 
flue gases: CO,, 12:93; H,O, 6°82; 


O., 4°84; Ne, 75-41. 
Percentage composition by volume of air : 
O., 21 ; Ne, 79. 








TABLE II 
Temperature, Enthalpy, | Entropy, 
deg. Fah. Fluid B.Th.U./Ib | B.Th.U./Ib, 
deg. Fah. 
Te | ares 127-59 1-6065 
_, ra yea 210-43 1-7271 
_- See 357-21 1-8235 
| ees ee ae 1-7408 
Mike sce cas. acel ces 179-20 1-6532 
ee 126-89 1-5701 
Sa 3 349-4 0- 5333 
PointB... ... re 487-9 0-6876 
See BOE Sons. «inv 1193-5 | 13933 
Potet WD... 620 cael Steam ... ... 1466-7 |  1-6303 





The properties of the gases were taken 
from Gas Tables,t and the properties of the 
water and steam from Callendar’s Unabridged 
Steam Tables (1939). 

The enthalpies and entropies of the air, 
flue gases, water and steam are listed in 
Table II corresponding to the points indicated 
on the circuit diagram. In order to make an 
analysis of the plant it is convenient to list 
the properties on the basis of 1 Ib of coal. 
The values of the enthalpy and entropy of 
the air and flue gases are multiplied by 11-5 
and 12-4 respectively, giving the uncorrected 
values (i) listed in Table I. The enthalpy 
and entropy values have to be corrected to a 
common reference state. If air at 70 deg. 
Fah. and 1 atmosphere pressure is chosen 
as a reference state the enthalpy and entropy 
values of the flue gases will have to be 
reduced by (1573—1467)=106 and (19-469 
—18-475)=0-994 respectively. The corrected 
values (ii) are shown. The corrected enthalpy 
values of the air do not include the energy 
which will be freed by the combustion of the 
fuel. Taking this as 10,700 B.Th.U. per 
pound of fuel, the lower calorific value, the 


t Keenan, J. H., and Kaye, J.: Gas Tables, John Wiley and 
Sons, Inc., New York, 1948. 























TABLE I 
Tempera- | Enthalpy Entropy | | | 
ture, Fluid | Tes |b=h—Tes Ab 

deg. Fah. B.Th.U. (i) | B.Th.U. (ii) | hB.Th.U. (iii) | (i) | sii) | | 

eee ae 1,467 1,467 12,167 | 18-475 18-475 | 9,792 2,375 | sang 
renee eae 2,420 2,420 13,120 | 19-862 19-862 | 10,527 2,593 | _9 796 
| ae Flue gases... 4,429 4,323 4,323 22-610 21-616 | 11,456 | —7,133 308 
| Be Flue gases... 3,182 3,076 3076 =| 21-586 20-592 ; 10,914 | —7,838 — 384 
eee Flue gases... 2,222 2,116 | 2,116 | 20-500 19-506 | 10,338 | —8,222 ~ 103 
WOT ce tice Flue gases... 1,573 1,467 1,467 | 19-469 18-475 9,792 | —8,325 | 

Point A Water... ... — — 3,145 ai 1 2S Se 600 S11 
Point B Water ... ... — — 4,392 — 6:190 | 3,281 1,111 42.986 
PointC ...| Steam ... ... _ — 10,744 — 12-542 6,647 4,097 | 117358 
PointD ...| Steam ... ... — — 13,203 —_ 14-676 7,778 5,425 | Fa 























Above quantities all per pound fuel. 
(ii) Corrected value to common base. 


(i) Uncorrected value. 


T,)=530 deg. Fah. absolute. 
(iii) Corrected value + energy in fuel. 
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enthalpy of the air must be increased by 
10,700 to give the total enthalpy (4). The 
availability function 5 is given by b=h—T,s, 
where 7, is the lowest available temperature. 

The conventional heat account is shown in 


TABLE I1]—Conventional Heat Account 
10,700 B.Th.U. 


= 10,058 B.Th.U. 


649B.Th.U. ... 
—7B.Th.U. ... 


10,700 B.Th.U. 


ee cee 
Heat transferred to steam (13,203 
MII kine: ott. ok... chek in oes 
Heat lost to chimney (2,116 
= Sees 
Error in computation ... 


TABLE 1V—Irreversibilities 
B.Th.U. 


Loss in evaporative section and superheater 9726 
— (2986+ 1328) ... ... ... a. phn Sek 

Loss in economiser (705—S511) ... 

Loss in air preheater (384—218) ... 

Loss by flue gases to chimney... 


Total loss due to irreversibilities ... 


Table Ill and the irreversibilities in Table 1V. 
The irreversibilities are found by comparing 
the decrease in availability of one fluid with 
the increase in availability of another. In 
each heat exchanger there is a decrease in 
available energy and a corresponding increase 
in unavailable energy which is termed the 
irreversibility. The total loss due to irre- 
versibilities amounts to 5875, a figure which 
may be checked by deducting the gain in 
availability of the steam, 4825, from the 
energy assumed to be available in the fuel, 
10,700. It should be noted that total energy 
used in driving auxiliaries, fans, &c., ina large 
plant might amount to 0-5 per cent of the 
heat of the fuel, but the writer has chosen to 
overlook the evaluation of losses due to fan 
work, &c. Properly all these losses should 
be determined since they represent an in- 
crease in the energy rendered unavailable. 

The purpose of the steam generator deter- 
mines the value of a second law analysis. 
If the purpose of the plant is to provide a 
source of low temperature heat then the 
analysis is superfluous, as a simple energy 
account shows that the plant has an efficiency 
of nearly 100 per cent. However, the purpose 
of such a plant is to supply high tempera- 
ture steam for the operation of a turbo- 
alternator in a power station. In other 
words, the steam generator acts as a large 
heat exchanger in the production of high- 
grade energy or electrical energy. In this 
respect the amount of energy rendered 
unavailable is more than half the heat 
assumed to be available in the fuel, and this 
is a serious loss. The “ conversion ratio ” of 
the plant is seen to be 


4825 
i0,700~° 451, 

a figure which is less than half the thermal 
efficiency. The writer believes that the 
“‘ conversion ratio”’ shows the performance 
of the steam generator on a proper thermo- 
dynamic basis when the production of power 
is in view. The large irreversibility which 
occurs is due to the transfer of heat from high 
temperature flue gases to comparatively low 
temperature water and steam. Further- 
more it is important to recognise that 
the largest thermodynamic loss in a power 
station occurs in the steam generator and 
not in the low temperature exhaust entering 
the atmosphere. It is true that two-thirds 
or more of the heat of the fuel is lost to the 
atmosphere, but the irreversibility incurred 
in condensing the exhaust steam and 
throwing away the heat is relatively small. 

The writer ventures to suggest that a 
second law analysis together with the con- 
ventional heat account provides a method of 
analysis well suited to a more critical survey 
of a power plant or part of a power plant 
than has hitherto been used. In view of the 
ever-increasing need to appreciate the 
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thermodynamic value of different sources of 
energy and the constant search for improved 
thermodynamic cycles for the production of 
power, great attention should be paid to the 
thermodynamic losses inherent in all plants. 

Availability Function as Applied to a Com- 
bustion Chamber.—The following figures 
refer to the test of a typical combustion 
chamber :— 


Area at inlet... 0-0718ft? 


co dia.) 
Area at outlet Ee EO ER 3ft* 
Maximum diameter ... ... ... ... ... ... 7°7Sin 
Mean conditions : 
Inlet : 
Static temperature 
Total temperature 


... 470 deg. K. 
. 473-4 deg. K. 
(852 deg. R) 
63-0 Ib/in* 
. 64-57 Ib/in*® 
269ft/sec 


1050 deg. K. 

1062-4 deg. K. 
(1912 deg. R.) 

59-17 Ib/in* 


Static pressure 
Total pressure 
Velocity 

Outlet : 
Static temperature 
Total temperature 


Static pressure 

Total pressure 61-57 Ib/in* 

Velocity ee ee eee ... 519ft/sec 
Theoretical temperature rise ... ... ... ... 610C° 
Actual rise in temperature... he . 589:0C 
Combustion efficiency a cs) bene 589 =0-966 

610 

Inlet velocity head based on maximum 

cross-section 


yee IS2. 


nes 
(=) 
Pressure loss factor 
Drop in total pressure 3-00 


®~Tnlet velocity head based ~0-0752 °?'* 


on maximum cross-section 


The combustion efficiency as measured by the 
ratio 
Actual rise in temperature of gases 
Theoretical rise in temperature of gases 





makes no allowance for a possible drop in 
pressure. In the above example, if the gases 
were to leave the combustion chamber at the 
pressure of the surroundings, say, atmo- 
spheric, but having the same static and total 
temperature, the combustion efficiency would 
still be 0-966. The pressure loss factor, the 
writer understands, is designed to give some 
measure of the loss due to drop in pressure, 
but it is clear that the definition of com- 
bustion efficiency in itself leaves something 
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in the form of high temperature gases, , 
proportion of which energy may be used to 
provide mechanical work. If combustion 
occurred at constant temperature the hea 
liberated would be nearly equal to the 
maximum work of reaction. In all problems 
where there is a combustion process it js 
convenient to take the heat liberated as 
being the maximum available energy. In the 
combustion process under consideration the 
maximum available energy is (490-6 
—204-50)=286-1 B.Th.U. per pound of air. 
The writer proposes to define the efliciency 
of the combustion process as the ratio of the 
actual gain in available energy to the maxi. 
mum available energy. For the actual cop- 
ditions the “ efficiency ” is 


162-31 
286° | 


40-12+4-122-19 4 
286 | dhol 
as against the value of 0-966 obtained on a 
temperature basis. The maximum attain. 
able “ efficiency ”’ is 


171-42 
286: 1 


49-23+ 122-19 

sare 0-599, 
giving the combustion chamber an “ eff. 
ciency ”’ ratio of 


0-567 
0-599 =0-946, 


a value more comparable with 0-966. 

The above figures show that the amount 
of energy rendered unavailable in the com- 
bustion chamber is about 44 per cent of the 
maximum available energy and that there isa 
much greater degree of irreversibility than 
the figure of 0-966 for the combustion eff- 
ciency suggests. However, it is to be noted 
that the actual performance does not fall so 
far short of the ideal performance, in fact, 
the ‘‘‘ efficiency’ ratio” of 0-946 is com- 
parable with the combustion chamber effi- 
ciency of 0-966. 

The writer is grateful to Mr. N. R. L. 
Maccallum, who furnished typical test figures 
for a combustion chamber and who carried 
out the necessary calculations in connection 


TABLE V 


Temperature, 
deg. R. 


Ge or, 852 


Enthalpy, h, 
B.Th.U. Ib 





480-40 
490-60 


Outlet (actual) 1912 


Outlet (ideal) wae _— 1949 


to be desired. The writer believes that the 
availability function (b) might be applied to 
the estimation of the performance of a com- 
bustion chamber. Table V lists the values 
of enthalpy, entropy and availability for 
the figures given above and for ideal con- 
ditions at outlet. 

The properties of the gases were assumed 
to approximate to those of air. No change in 
mass due to the injection of fuel nor change 
in chemical composition is allowed for. The 
values of the properties were taken from 
Gas Tables,§ the total head pressure was 
used to calculate the entropy, and the tem- 
perature (7,) and pressure of the surround- 
ings were taken as 298 deg. K (536-4 deg. R.) 
and 14-7 Ib per square inch absolute. Under 
ideal conditions the actual temperature rise 
is assumed to be the same as the ideal 
temperature rise and the total head pressure 
the same as that at inlet. 

The purpose of the combustion chamber is 
to convert the energy of the fuel into energy 


§ Keenan, J. H., and Kaye, J.: Gas Tables, John Wiley and 
Sons, Inc., New York, 1948. 





204-50 


Entropy, s, 
B.Th.U./Ib deg. Fah 
0-82142 
0-82345 


with them. An analysis similar to that sug- 
gested by the writer is given by Nichols,|| and 
it would appear that the application of the 
availability function in assessing the per- 
formance of a combustion chamber is 
justifiable. The writer does not feel com- 
petent to pronounce judgment on the use of 
the availability function in this connection, 
but the value of the analysis could hardly b 
denied on thermodynamic grounds. 

The above work was carried out in the 
Department of Mechanical Engineering, 
University of Glasgow, with facilities pro- 
vided by Professor James Small. 


\| Nichols, J. B.: ‘“‘ An Energy Basis for Comparison of 
Performance of Combustion Chambers,’’ Transactions of th 
American Society of Mechanical Engineers, Vol. 75, 1953, page 29 





EXTENSION TO TRANSFORMER WoRKS.—An extension 
intended for the production and testing of large trans 
formers of up to 400,000V is being completed at the 
Walthamstow works of the Fuller Electrical and Manv- 
facturing Company, Ltd. The building is 75ft high and 
the steel structure of over 1000 tons is carried on mass 
reinforced concrete foundations. Crane rails are pr0- 
vided at two levels, with two 110-ton cranes at the higher 
level, and a 75-ton crane at the lower level. 
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Dumbarton Gasworks Extensions 


Last month new installations at the Dumbarton gasworks of the Scottish Gas 
Board were officially inaugurated. The new installation consists of sixty-four 
Glover-West continuous vertical retorts with a nominal daily capacity of 6,000,000 
cubic feet, together with a coal and coke-handling plant and various ancillary plant. 


HEN the Dumbarton gas undertaking was 
W formed in 1832 its first gasworks was built 
near the centre of the town in Castle Street. 
This works was steadily extended until in 1913 
itsannual gas production reached over 95,000,000 
cubic feet. The restrictions imposed by the site 
then prevented further extensions, and in 1919 
asite for a new works was acquired in the suburb 
of Dumbuck, where an area of 10 acres close 
by the River Clyde offered ample space for future 
requirements. This new works was opened in 
1923 and its annual make was 121,619,000 cubic 
feet, with sixteen Glover-West continuous vertical 
retorts. Subsequent extensions increased the 
apacity to an annual output of 510 million 
ubic feet. : 

In August, 1947, the gas committee of 
Dumbarton town council applied to the Ministry 
of Fuel and Power for permission to extend the 
orks. After discussions it was decided that a 
new works of 3,000,000 cubic feet per day 
apacity should be erected to serve the additional 
equirements of the Dumbarton supply area and 
provide a bulk supply to the Helensburgh supply 
area, Where production would cease on the com- 
nletion of the Dumbarton extensions. 

The Ministry of Fuel and Power requested 
hat the new works at Dumbarton should be 
planned to enable simple extension to 6,000,000 
ubic feet per day capacity, to provide a bulk 
supply of gas to the Glasgow supply area after 
ationalisation of the gas industry. Orders were 
placed for the first works in October, 1947, 
and the Scottish Gas Board, in 1949, author- 
sed the erection of the additional plant. In 
ebruary, 1954, the new 6,000,000 cubic feet 
per day works first produced gas to meet the 
peak requirements of Dumbarton supply area, and 
ne week later a bulk supply was available to the 
lasgow area. In the meantime, the Helensburgh 
plant continues to provide gas for a limited 
period to enable additional supplies to be made 
vailable to the Glasgow area. 

The contractor for the supply of new gas- 
making plant, consisting of sixty-four Glover- 
West continuous vertical retorts with a nominal 
laily capacity of 6,000,000 cubic feet and the 
oal and coke-handling plant, was the West’s 
as Improvement Company, Ltd. The appear- 
nce of the new retort house can be seen 

one of the illustrations on this page. 
m it the sixty-four retorts are laid out in two 
enches in line at right angles to the railway 
iding on which is placed a combined wagon 
ppler and weigher. Coal passing through a 
eaker is fed by band conveyor to two lines of 
ravity bucket conveyors arranged across the 
md bay of the retort house. These conveyors 
ake coke from band conveyors below the 
ttort house and elevate coal to flat band 
onveyors over the coal bunkers or coke 
D band conveyors feeding the coke grading 
lant. This plant with two lines of vibrating 
Teens is arranged over a set of 500-ton bunkers 
hich are built substantially as an extension of 
he retort house building across the end bay. 
tom the bunkers there are the usual two lines 
I outlets feeding the several grades of coke over 
avelling “ debreezing” screens to road and rail 
chicles. This arrangement permits a siding 
arallel to and distinct from the coal siding 
d allows road vehicles to traverse across the 
tort house line. Coke for bagging is taken 
om a third line of outlets by a band conveyor 
ding to a debreezing screen and from there 
y another conveyor to an automatic bag 
cigher over a covered bagging platform extend- 
8 along the side of the retort house. 

ne two retort benches each contain four 
ttings of eight retorts in rows and units of four 
lorts. The retorts, 50in by 10in elliptical 
tion at the top expanding to 56in by 18in at 
¢ bottom, are 25ft overall in vertical length. 
el | gas to the settings is provided by five 
&st's “ Hot-Gas ” mechanical producers, four 


of which are of sufficient capacity to supply the 
whole installation with one as a standby. Waste 
heat is recovered in two Spencer-Bonecourt 
horizontal induced-draught fire-tube boilers. 
Each boiler is rated to deal with waste gases 
from 3500 lb of coke used per hour in the pro- 
ducers, when its steam-raising capacity would 
be 14,0001b per hour of steam at 1201b per 
square inch and 50 deg. Fah. superheat from 
water at 60 deg. Fah. When gas is made at a 
calorific value of 425 B.Th.U. per cubic foot it is 
estimated that 17,600 lb of steam will be raised 
per hour when the whole of the plant is in 
operation. 

The coke grading plant is laid out in two lines, 





485 







each capable of dealing with 35/40 tons per hour 
of run-of-retort coke. 

The coke bunkers, each with a total capacity 
of 500 tons, are divided into five compartments 
to accommodate different grades. Compart- 
ments for the two largest grades are fitted with 
cast iron segmental spiral shoots to break the 
fall. Two Pegson single deck vibrating ‘travelling 
debreezing screens have been installed. 

As can be seen from the illustrations, the top 
of the coke bunkers and the grading plant are 
enclosed in the steel-framed, brick-panelled 
building, the whole of the brickwork of bunkers 
and covering being designed to harmonise with 
the style of the retort house building. 

The three existing water-tube condensers were 
too small to carry any further load, and as they 
were on the site of the proposed extensions it 
was decided that they should be replaced by a 
new vertical tube condenser of 3,000,000 cubic 
feet capacity. For cooling the gas from the new 
retort house two mild steel vertical water-tube 
condensers were provided, arranged to be worked 
in parallel and with the gas connections so 
arranged that the gas from either or both retort 








Three condensers each of 3,000,000 cubic feet per day capacity, showing overhead mains from old and 
new retort houses 
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The charging platform, showing one of the waste heat boilers 


houses could be distributed between all three 
condensers. Each condenser is of welded con- 
struction with a cooling surface of 9000 square 
feet and having 720 vertical water tubes and four 
gas passes. They are illustrated herewith. 

The condensers, which were supplied by 
Newton Chambers and Co., Ltd., are fitted with 
gas and water thermometers and the temperature 
of the gas leaving each condenser is maintained 
at 65 deg. to 70 deg. Fah. by the action of an air- 
operated water control valve regulated by a 
thermostat in the gas outlet main. 

A “ Livesey ’’ washer installed between the 
electrostatic detarrer and the static ammonia 
washer is 30ft long by 7ft*6in wide and 3ft 6in 
deep. It. has a capacity of 6,000,000 cubic feet 
of gas per day and is constructed of cast iron 
plates. The washer is fitted with washing tubes, 
6ft long by 84in deep by 3in wide. Sight glasses 
are provided to enable the action of the washer 
to be observed and it is fitted with inspection 
manholes, tar sump, weir valve and adjustable 
liquor overflow. 

A static ammonia washer of 6,000,000 cubic 
feet capacity per day and constructed of cast iron 
plates is arranged in two units, each containing 
four washing compartments with mild steel 
division plates. The washing compartments 
are partially filled with stoneware Lessing rings, 
and the scrubbing liquor is distributed over the 
filling medium by perforated drip trays. 

The gas flow is alternatively upwards and 
downwards through the washing compartments 
in counter-current direction to the washing liquor, 
which is circulated by two sets of multiple pumps. 
The ammonia content of the gas after washing 
is about 3 grains per 100 cubic feet. The gas 
connections are so arranged that the two units 
of the washer can be worked either in series or 
independently. 

In the dry purification plant each of the two 
sets of purifiers at ground level has a capacity 
of 3,000,000 cubic feet of gas per day. Each set 
consists of five cast iron boxes, 40ft by 30ft by 
6ft 6in deep, and each box is provided with four 
mild steel welded covers. A cover lifting crane 
is provided running on rails on top of the 
purifiers. 

Each purifier is fitted with two tiers of wood 
grids and each of these tiers carries a layer of 
prepared oxide of iron, 2ft thick. Inlet and 
outlet hoods are arranged to give downward 
flow of gas through the oxide, and the purifiers 
are operated on the backward rotation system. 

A steam-heated gas heater, fitted with Newton 
cast iron needle heating elements, is provided at 
the inlet of each purifier, each heater being 
capable of raising the temperature of the gas by 
40 deg. Fah. Air for revivification is provided 
by two Connersville air blowers, each having a 
capacity of 17,000 cubic feet per hour. 

The existing gas main from the old retort 


house was renewed by an 18in diameter mild 
steel welded main carried on steel trestles, as far 
as the condensers and forward to the old 
exhauster house. A 30in new foul gas main on 
the suction side of the exhauster and the con- 
nections to the detarrer are of mild steel elec- 
trically welded construction and are carried above 
ground on mild steel trestles. The 30in mains 
between the condensers and exhausters and from 
the detarrer to the compressors are of cast iron 
and laid mainly below ground. 

The installation includes an “* Elex Electro- 
static” detarrer, supplied by W. C. Holmes and 
Co., Ltd., and which is capable of removing tar 
fog from 6,000,000 cubic feet of gas per day with 
an extraction efficiency of 99 to 99-5 per cent. 


For the use of this plant the standard Works 


current is stepped up and rectified to a 


mately 30,000V d.c. Two steam enzine dg 
** Holmes-Connersville ” twin impeller exha 
each have a capacity of 275,000 cubic ‘cet of 
per hour and are capable of delivering against 4 
total pressure rise of 50in w.g. The SUCtion js 
controlled by a bell type hydraulic OVErnoy 
operating an equilibrium steam thro:tle 
and each exhauster is fitted with a CON Pensating 
by-pass. 

A “Holmes-Connersville ” static mete, 
having a capacity of 250,000 cubic feei of gas py 
hour has been provided on the coal gas stream ang 
is equipped with direct-reading counicr and a 
indicating and recording tachograph. 

For measuring the gas sent out to Cilasgow 
meter having a capacity of 18,000,000 cubic fog 
of gas per day has been provided. This mete; 
is placed on the inlet to the compresso‘s and thys 
measures the gas at pressures slightly under 
those thrown by the gasholder, which vary from 
Tin w.g. to 16in w.g. 

A gas compressing plant, supplied by the 
Bryan Donkin Company, Ltd., comprises three 
electric-motor-driven and two steam driven 
compressors of vertical two-crank double-acting 
design. The three electrically driven com. 
pressors have a 10in stroke and each is designed 
to pass 200,000 cubic feet of gas per hour each 
at a speed of 416 r.p.m. against up to 20 Ib per 
square inch outlet pressure. 

One smaller steam-driven 7in stroke com. 
pressor has the gas cylinders superimposed above 
the steam cylinders and is designed to pas 
60,000 cubic feet of gas per hour at a speed of 
485 r.p.m., delivering against any desired outlet 
pressure between 2 lb and 15 Ib per square inch 
when supplied with steam at a pressure of 80 |b 
per square inch. The other steam-driven com. 
pressor has an 8in stroke. Its steam cylinder 
are arranged above the gas cylinders and it js 
designed to pass 80,000 cubic feet of gas pe 
hour at a speed of 465 r.p.m. under the sam 
conditions. 

A new spiral guided gasholder of 5,000,00) 
cubic feet capacity is designed to throw 4 
minimum pressure of about 7-4in w.g. and 
maximum pressure of about 15-Sin w.g. 


Military Vehicle Demonstration 


A DEMONSTRATION of military vehicles, 
jointly arranged by the Ministry of Supply 
and the Society of Motor Manufacturers and 
Traders was held last week on the proving ground 
of the Fighting Vehicle Research and Develop- 
ment Establishment, Chertsey. It was staged 
primarily to promote sales to overseas buyers 
of several kinds of military vehicles, particularly 
those vehicles in the “* soft skinned ’’ categories. 





Tank hull driven by a 1000 h.p. gas turbine 


Nearly 100 vehicles were demonstrated ani 
amongst them it was clearly possible to discem 
many civilian applications for both light and 
heavy vehicles. In a category apart, however 
was the first demonstration of a tracked vehick 
powered by a gas turbine. 

Whether the torque and specific weigh! 
characteristics of the gas turbine can be exploited 
in such a vehicle was an issue which the Ministy 
of Supply began to investigate shortly after th 
last war. The design and development of th 
gas turbine unit was undertaken by C. A. Parson 
and Co., Ltd., and the heavy tank hull in whichi 
has been mounted is no more than a mobik 
test bed, instrumented to provide data for‘ 
final assessment of the desirability of developing 
this form of power unit for heavy militar 
vehicles. 

In its present form the unit is capable of being 
developed to 1000 h.p. It has a single-stag 
centrifugal compressor driven by a single-stag 
axial flow turbine, the shaft speed being 17,50 
r.p.m. A coaxial two-stage free power turbine 
operates at a speed of 9850 r.p.m. and incor 
porates built-in reduction gearing, reducing the 
output speed to 2800 r.p.m. Combustion 
chambers are arranged two on either side of th 
engine centre line. 

A synchro-coupling unit, enabling the work 
turbine to be mechanically connected to the 
compressor, has been introduced in order 10 
prevent the work turbine over-speeding during 
gear changing and also to obtain braking effort 
from the gas turbine. It has a servo-assisted 
clutch of conventional design. The vehicle 
transmission unit supplements the natural high 
torque characteristics of the turbine and provides 
for the differential steering requirements of 4 Ff 
tracked vehicle. 

A cooling system incorporates a_ two-stage 





‘Ferret ’’ 44 armoured car sealed up to 5ft 6in leaving 


wading tank 


axial compressor which provides cooling air for 
the gearbox and turbine oil coolers and for the 
braking system. Silencing of the air intake is 
provided by a series of silencing splitters installed 
ahead of the cyclone air cleaner assembly unit. 
The tank hull in which the 1000 h.p. gas turbine 
is installed is illustrated herewith. 

Visitors to the Commercial Motor Show 
will be familiar with many of the suspension and 
transmission details of the 4x4 and 6x6 
driven vehicles. A number of them are, in fact, 


basically commercial vehicles modified to suit 
more arduous military roles. 

A less orthodox vehicle, however, with out- 
standing traction and suspension characteristics 


is the armoured 6 x 6 carrier made by Alvis, Ltd. 
It is designed to suit various military roles with 
basically the same chassis, and a more powerful 
© version is under development as a foam crash 
truck for the Royal Air Force. The military 
versions have the standardised “* B.80 ’’ Mark 3A 
eight-cylinder petrol engine of 5675 c.c. capacity. 
It has a governed speed of 3750 r.p.m. and 
develops 160 b.h.p., the maximum torque being 
261 lb-ft at 2300 r.p.m. Dry sump lubrication 
and a pressurised engine cooling system are 
used. All six wheels, which incorporate 4-125 : 1 


5-cwt truck emerging from the wading tank 
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double epicyclic gearing in the hubs, have 
independent torsion bar suspension with tele- 
scopic hydraulic dampers. A preselective, five- 
speed gearbox is fitted driving either through a 
clutch of fluid coupling to a forward and reverse 
transfer box. There is a central differential 
unit. The steering system uses the recirculating 
ball principle with hydraulic servo assistance. 
The vehicle has a laden weight of 22,400 Ib. Its 
maximum continuous road speed is 27-5 m.p.h. 
and in low gear the maximum tractive effort is 
1383 lb per ton. The foam truck has the “‘ B.81 ”’ 
eight-cylinder petrol engine of 6500 c.c. capacity 
developing 240 b.h.p. The laden weight of the 
truck is 26,880 lb and it has a sustained maximum 
road speed of 50 m.p.h. 

Developments since the last war in the sealing 
technique applied to those vehicles required to 
wade were well illustrated during the demon- 
stration. Waterproofing of the whole electrical 
system is now largely incorporated during manu- 
facture and it is only necessary to seal certain 
breathing parts of the engine and transmission 
lubrication systems to prepare the vehicles for 
wading. The illustrations on this page show 
vehicles negotiating the wading tank at the Estab- 
lishment. In the case of the 5-cwt truck shown 
in two of our illustrations the vehicle can wade 
submerged so that only the head of the driver, who 
stands on the controls, need be above water. 
With some of the larger cargo trucks water is 
encouraged to enter the vehicle and the driver’s 
cabin to prevent the vehicle from floating and 
losing its traction. 

The “ Ferret’? 44 armoured car illustrates 
another aspect of the waterproofing require- 
ments on armoured vehicles. Unprepared, this 
particular vehicle can wade up to 3ft. For 
depths up to 5ft 6in, however, when water could 
enter the hull, the additional fabric shelters are 
erected as shown in our illustration. At these 
depths the vehicle also floats and it depends on 
the tyres for propulsive effort. 

A new 9-litre petrol engine was also shown for 
the first time at the demonstration. It has been 
designed by the Jaguar technical development 
division for the Ministry of Supply, and is a 
“V8 ’’ cylinder normally aspirated engine with a 
bore and stroke of 114-3mm by 110mm with 
cylinders set at 90 deg., and develops 320 
b.h.p. at 3750 r.p.m. Four valves per cylinder 
(two inlet and two exhaust) are employed and it 
is interesting to note that the four overhead 
camshafts are actuated by a design of valve 
gear based closely on the twin overhead cam- 
shaft gear of the normal 34-litre Jaguar engine. 
The engine, including all electrical equipment, is 
sealed to withstand the effect of water even 
should it be totally immersed as in wading 
operations.. Although designed primarily for 
use in armoured fighting vehicles, the 9-litre 
Jaguar engine is equally suitable for powering 
other tracked and wheeled vehicles for both 
military and civil purposes. 


The driver and passenger stand when driving through the 


5ft deep wading tank 


Institute of Marine Engineers 


On Tuesday, September 28th, Mr. H. A. J. 
Silley delivered his presidential address to the 
Institute of Marine Engineers and chose “ ship 
repairing ” as the subject of his remarks. He felt 
that the industry was unique by reason of the 
wide variety of services it was called upon to 
perform, and emphasised its importance in both 
peace and war to the Merchant Fleet and Royal 
Navy. Remarking that the repair and main- 
tenance of ships had been in operation from the 
earliest times, Mr. Silley mentioned a primitive 
dock built in 1434 and added that the first 
graving dock was constructed in 1495. He traced 
the broad outlines of development through the 
centuries and gave the numbers of men employed 
in the industry in both world wars, and then 
went on to discuss the number of docks as related 
to the beam of ships. _ The increase in the number 
of ships in the post-war years having large 
beams had not seen a corresponding increase in 
the number of dry docks capable of taking such 
vessels, and this was a matter of some importance, 
he maintained, if the United Kingdom was to 
retain its share in ship repairing facilities. Tie 
enormous capital outlay involved in building a 
large dry dock had to be associated with the 
incidence of taxation, especially that part con- 
cerned with the cost of excavation. Despite the 
new initial investment allowance, the president 
said that the existing conditions discouraged new 
construction and he compared treatment accorded 
in this respect to British yards with that enjoyed 
on the Continent. Other factors also called for 
increased investment, such as new equipment and 
machinery to handle heavier loads, more com- 
plicated machinery and specialised cargoes. 
Competition from ship repairers abroad was 
increasing, the president continued, and men- 
tioned the advantages enjoyed by many Con- 
tinental yards which had been reconstructed 
since the war. He commented on the favourable 
labour position abroad, in that men could be 
transferred from job to job and this versatility 
of labour greatly aided planning, output and 
costs. In contrast, too much attention was paid 
in British yards to questions of demarcation with 
detrimental effect, he believed, to all engaged in 
the industry. Although, the president con- 
cluded, it was difficult to envisage how basic 
changes could be made in the repair yards, it was 
essential for the industry to build more large 
dry docks and modernise its equipment. 





FAcToRY EQUIPMENT EXHIBITION, 1955.—The next 
National Factory Equipment Exhibition is to be held at 
Earls Court from March. 28 to April 2, 1955. The 
Institution of Works Managers will hold its national 
conference at Earls Court in connection with the exhibi- 
tion, and the National Industrial Fuel Efficiency Service 
will also organise a conference. The exhibition is spon- 
sored by the proprietors of the. Factory Manager and the 
fy Equipment News, of 117, Kingsway, London, 
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B.S.R.A. Resistance Experiments on 
the ‘*‘ Lucy Ashton ’”* 


By H. LACKENBY, M.Sc.+ 


Part II.—THE SHIP MODEL CORRELA- 
TION FOR THE SHAFT-APPENDAGE 
CONDITIONS 


This is the third paper dealing with the resistance 
experiments carried out on the “‘ Lucy Ashton”’ 
by the British Shipbuilding Research Association. 
It is concerned with the ship model correlation 
for two conditions involving different types of 
twin-screw shaft appendages, namely, bossings 
and shaft brackets. The resistance increments 
due to fitting these appendages have been deter- 
mined and the full-scale values have been correlated 
with results of similar tests carried out in an 
experiment tank on the same series of six geo- 
metrically similar models used in the correlation 
of the naked hull results. The lengths of these 
models ranged from 9ft to 30ft. Ship-model 
correlation has also been made in terms of the total 
measured resistance. The findings have been 
reviewed in the light of previous work and in 
relation to current practices in the assessment of 
scale effect on appendage resistance. This appears 
to be the first occasion on which the parasitic 
resistance due to shaft appendages has been 
measured on a full-size ship. 


THE two previous papers dealt with the details 
of the experimental equipment and the ship- 
model correlation for the four naked hull con- 
ditions. The present report is concerned with 
the ship-model correlation for two further 
conditions involving different types of propeller 
shaft appendages, namely, bossings and shaft 
brackets. These were “dummy” appendages 
as the “‘ Lucy Ashton” had originally been a 
paddle steamer. The ship trials were carried 
out with the hull in the normal service condition 
(i.e. sharp seams with red oxide paint). 

The increase of resistance above the corre- 
sponding naked hull condition has been deter- 
mined and the full-scale values have been 
correlated with the results of similar tests carried 
out in an experiment tank on the same series of 
six geometrically similar models referred to in 
the previous paper. 


































































of the shaft casing was 124in and the angle of the 
web was 20 deg. to the horizontal. The web 
angle originally chosen for these bossings was 
40 deg., which was the optimum as determined 
from stream-flow tests on a 16ft model ; but 
at this angle the resistance augment was only 
3 to 4 per cent at the service speed of about 12 
knots, which was considered to be undesirably 
small as far as the full-scale tests on the ship 
were concerned. It was therefore decided to 
bring the web of the bossing across the flow by 
reducing the angle from 40 deg. to 20 deg. This 
approximately doubled the resistance increment 
on the model which was considered preferable, 
in that it was likely to provide a more measurable 
difference between the bossing and naked hull 
conditions. 

The modified form of bossing adopted, i.e. 
20 deg. web angle, is in no way unrepresentative. 
It is well known that where bossings are aligned 
in the stream flow so as to give minimum resist- 
ance as far as towing tests are concerned, they 
do not always give the best overall result when 
the model is self-propelled. Experience shows 








Nomenclature and Symbols 


C—Resistance coefficient = 
e.h.p.—Effective horsepower. 


F,—Froude number=—— . 

V gL 
g—Acceleration due to gravity. 
L—Length of ship (LBP). 
R—Resistance in general. 

R.—Reynolds number =“ 5 
S—Wetted surface area. 
t°—Temperature of water. 
V—S, + 
A—Displacement. 
V—Volume of displacement. 
jient of kinematic viscosity. 
e—Specific density. 
©—R. E. Froude’s resistance constant 
_e-bp- 
Atv: 
where R andA are in tons (salt water) and V is in knots. 
AP—After perpendicular. 
FP—Forward perpendicular. 
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4+eV*S° 











* Institution of Naval Architects’ autumn meeting. Abstract. 
+ Principal assistant naval architect, the British Shipbuilding 
Research iation. 








Details of the Appendages.—The diameter . 
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that decreasing the slope from the horizontal 
often leads to a higher quasi-propulsive coefficient 
and sometimes more than enough to compensate 
for the apparent increase in the bossing resistance 
due to the deflection of the flow. 

The shaft bracket arrangement corresponds to 
a shaft diameter of 64in and the external diameter 
of the shaft casing in way of the entry to the hull 
is 124in as is also the external diameter of the 
shaft bracket barrel. The shaft bracket arms 
were of lenticular section 12in long by 4in 
maximum thickness. No attempt was made to 
align the shaft bracket arms to the direction of 
the surrounding flow. These dummy appendages, 
built up from welded sheet steel, were treated 
with the same red oxide paint as was applied to 
the hull of the ship, and the ends of the “* shaft- 
ing’? on both bossings and brackets were 
terminated by conical fairing pieces which repre- 
sented propeller bosses. The equivalent shaft 
centre lines were arranged parallel to the keel 
of the ship in way of the appendages. 

The Ship Results—The conduct of the ship 
trials was generally similar to that for the naked 
hull conditions described in previous papers. 
Observations were made during the various 
measured-mile runs for the two conditions 
considered in this paper, namely : (i) clean hull 
with red oxide paint surface, sharp seams, and 
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in Fig. 1_in the non-dimensional form R/4 » yr, 
against Froude number V/4/gL and Reynoli 
number V L/v. Scales of ©, speed in knots and 
V/4/L (knots and feet) are also given. ; 


The resistance curve for the Corresponding 


naked hull condition (sharp seams with red oxi¢, 
paint) has also been presented. 

It will be noted from Fig. 1 that in terms of the 
resistance coefficient the increment cue to th 
bossings is fairly constant up to about 12 kno, 
which is roughly the service speed, where j 
amounts to 5 per cent of the resisiance, At 
higher speeds the increment reduces gradually 
until at the highest speed it is barely perceptipj. 

The increment in resistance coeflicient dy 
to the shaft brackets is reasonably constant oye; 
most of the speed range apart from a Slight 
rise at the lowest speeds. At 12 knots the 
increase in resistance amounts to about 34 pe, 
cent. 

Between 8 and 13 knots the shaft bracke; 
appear to offer slightly less resistance than the 
bossings and elsewhere the position is reversed 
The differences are quite small and are generally 
less than 2 per cent, which is approaching the 
limit of experimental error. 

The Model Results.—Resistance tests with 
bossings and shaft brackets were carried out jp 
the ship division of the National Physica) 
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Fig. 1—Comparison of full-scale resistance coefficients: naked hull, hull with bossings and hull 
with shaft brackets 


dummy twin-screw bossings ; (ii) clean hull with 
red oxide paint surface, sharp seams, and dummy 
twin-screw shaft brackets and shafts. 


For purposes of comparison the experimental 


results were again reduced to the same standard 
condition in the manner described in the previous 
paper. 
following :—{a) Correction to a standard water 
temperature of 59 deg. Fah.; 
of wind and air resistance so as to obtain the 
water resistance only ; (c) elimination of tide 
effects on speed measurement ; (d) correction 
of resistance to a standard mean displacement 
of 390 tons (the displacement varied slightly in 
the course of the trials owing to consumption of 
fuel) ; (e) correction of resistance for the effects 
of rudder used during the mile runs. 


This reduction of results included the 


(b) Elimination 


The corresponding results corrected for items 


(a) to (e) referred to above, corresponds to the 
full-scale values of resistance and speed plotted 


Laboratory on the same series of six geo 
metrically similar models used in the original 
naked hull tests. The lengths of these model 
were 9ft, 12ft, 16ft, 20ft, 24ft and 30ft. The 


only other appendages fitted for these tests wert § 


the rudder and sternpost which were also present 
in the naked hull tests. ; 
Resistance at the corresponding ship draught 
and displacement was measured for both com 
ditions (i.e. bossings and shaft brackets) over 4 
range of speed so as to cover the corresponding 


ship range of 5 to 15 knots. All models wert Fi 
fitted with standard trip wires of 0-036in diametel § 


at 5 per cent of the length abaft the stem. 

The Ship-Model Correlation —The ship-model 
correlation for these appendage conditions has 
been effected by comparing, for the different 
models and the ship, the increase in resistance 
due to fitting the bossings or shaft brackets # 
appropriate. The maximum increase in resistané 
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due to the fitting of these appendages, both on 
the models and the ship, did not exceed 7 per 
cent of the total resistance in the naked hull 
condition, so there is the difficulty of comparing 
relatively small differences. Nevertheless, these 
differences are well outside the accuracy of 
resistance measurement which, for both model 
and ship, is considered to be generally within 
| per cent. : : 

Bossings.—An overall picture of the ship- 
model correlation for the resistance increments 
due to the fitting of bossings shows the results 
for all six geometrically similar models as well 
as the full-scale ship for a series of corresponding 
ship speeds from 5 to 144 knots. 

The vertical scale adopted is an ordinary 
linear scale of the resistance coefficient C; the 
horizontal scale of R,, has been contracted, such 
that Schoenherr’s friction coefficients lie on a 
straight line over the range of Reynolds number 
indicated. 

Referring to the observations for the models 
these have been lifted as intercepts between 
curves of C for bossings and the corresponding 
naked hull curves all plotted on a base of R, 
from the detailed experimental observations. 
For the ship the intercepts have been taken from 
the full-scale resistance. 

At each corresponding ship speed both the 
results for the models and those for the ship 
align themselves on straight lines on this basis. 
At the lowest speeds, the cross curves are hori- 
zontal, thus indicating no scale effect on the 
bossing increment in this region, but the slope 
gradually increases with speed, showing increas- 
ing scale effect up to about 134 knots where the 
slope is a maximum. 

It is of interest to consider the degree of this 
scale effect in terms of the ratio of ship increment/ 
model increment at various speeds and for the 
different model lengths as indicated in the follow- 
ing table :— 














Speed, Model length, ft 
knots 
2) 20 2% | 30 
5 1-00 1-00 1:00 1:00 | 1-00 | 1-00 
8 0:44 | [0-48 0-52 0-56 | 0-58 | 0-61 
10 | 0-49 0-54 0-57 0-60 | 0-62 | 0-65 
12 | 0-52 0:57 0-60 0-62 | 0-65 | 0-68 
134 | 0-22 0-25 0-28 0:30 | 0-32 | 0-35 
| | 0-10 | 0-12 | 0-14 | 0-16 | 0-17 | 0-20 
| 





Note.—The figures in the table are based on the cross curves 
and not the plotted observations. 

The practical conclusion to be drawn from 
this table is that from about 8 to 12 knots, 
which may be regarded as the working range of 
speeds for the “‘ Lucy Ashton ”’ and for the usual 
model lengths between, say, 12ft and 20ft, the 
bossing increment on the ship is roughly one-half 
that measured on the models. 

At higher speeds the scale effect increases and 
itis apparent that at these high speeds the bossing 
— is very much exaggerated on the model 
scale. 

It is interesting to consider the extent to which 





Flared entry of muffler with a jet pipe in position 
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the resistance increment might be ascribed to 
additional skin friction caused by the increased 
wetted surface due to the bossings. This only 
amounts to about 2 per cent of the wetted surface 


of the naked hull. Bearing in mind that the 
skin friction resistance is only one component 
of the total and the fact that in way of the boss- 
ings the intensity of skin friction is less than the 
mean value over the hull, the effect on total 
resistance would not be expected to be more 
than about 1 per cent. This is approaching the 
order of accuracy of measurement and one would 
therefore expect the resistance augment due 
to skin friction to be barely perceptible. As a 
matter of interest, the small resistance increment 
on the ship at 144 knots is of this order. Elsewhere 
the increment is much greater and is largely to 
be explained by separation effects and the forma- 
tion of eddies. 

This variable scale effect with increasing speed 
(or, more correctly, Froude number) was 
unexpected. As previously explained, the resist- 
ance increments are largely to be ascribed to 
separation flow and the consequent formation 
of eddies, and this is not surprising bearing in 
mind that the bossing webs were angled 20 deg. 
out of the undisturbed flow over the form. It 
is known that the shedding of eddies is controlled 
to some extent by the Reynolds number para- 
meter, and this is one of the reasons why the 
resistance due to appendages on models is 
generally exaggerated as far as the ship is con- 
cerned. In this instance, however, it appears 
that at the highest Froude number, represented 
by 144 knots for the ship, the rate of decay of 
eddy shedding as one proceeds through the 
various model sizes to the ship is appreciably 
greater than at lower speeds. So much so, 
apparently, that at 144 knots on the ship the 
separation effects seem to have disappeared 
altogether as the very small resistance increment 
appears to be explainable in terms of the pure 
skin friction of the bossings. It is suggested 
that this peculiar behaviour may be due in some 
way to interference between the tendency to 
flow separation (and eddy formation), and the 
very acute wave-making at this high speed. With 
regard to the latter, it is apparent from the 
resistance curve that this takes place in way of 
a pronounced wave-making “hump” and 
corresponds to adverse interference between the 
bow and stern systems. 

Shaft Brackets.—The correlation of the resist- 
ance increments due to fitting the shaft brackets 
show that the increments for both models and 
ship at a given speed again align themselves on 
straight lines. There is distinct evidence of scale 
effect with increasing size, but there is the differ- 
ence that the behaviour is more orthodox in 
that it has been possible to draw the cross curves 
of constant Froude number at a uniform slope. 
There are slight deviations from this general 
behaviour, notably the ship increments at the 
lowest speed and also some of the increments 
for the 20ft model. With regard to the latter, 
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the naked hull resistance appropriate to the 
shaft bracket tests differs slightly from the original 
naked hull curve and also from that appropriate 
to the bossing tests. 

As before, the following table shows the 
degree of scale effect in terms of the ratio of 











ship increment/model increment at various 

speeds for the different model lengths :— 

Speed, Model length, ft 

knots —-—— 1 

ae ae 16 | 2 | 2% 30 

5 0-53 | 0-57 | 0-62 | 0-65 | 0-67 | 0-71 
8 0-48 | 0:52 | 0:56 | 0-58 | 0-61 | 0-67 
10 0-47 | 0-51 | 0-56 | 0-58 | 0-61 | 0-68 
12 0-43 | 0-47 | 0-52 | 0-54 | 0-57 | 0-61 
134 | 0-48 0-52 | 0-56 | 0-59 |-0-61 | 0-64 
144 | 0-33 | 0-37 | 0-41 — | 0-46 | 0-51 








Note.—The figures in the table are based on the cross curves 
and not on the plotted observations. 


Over the working speed range of 8 to 12 knots 
and for the model lengths of 12ft to 20ft the 
shaft bracket increments on the ship are roughly 
one-half of those measured on the models. - 

The increased wetted surface due to the shafts 
and brackets is of the same order as that due to 
the bossings, i.e. about 2 per cent of the wetted 
surface of the naked hull. Therefore, the effect 
on total resistance of the additional skin friction 
would not be expected to be more than 1 per 
cent and would be barely perceptible. The resist- 
ance increments due to shafts and brackets are 
thus again largely ascribed to eddy making. 

( To be continued ) 





Silencing Pens for Jet Aircraft 


Our illustrations show the modified Cullum 
silencing equipment which has been developed 
by Detuners, Ltd., to reduce the abnormal 
noise of jet engines, particularly those 
with reheat when being ground tested. This 
muffling equipment is mounted in an acoustic 
pen which has walls 12ft 6in high lined with 
sound absorbent material. 

The 45ft long diffuser and detuning equipment 
is only about half the length of those normally 
fitted to turbo-jet engine test beds. At the front 
of the pen are two steel sliding entrance doors, 
also lined with sound-absorbent material. In 
the middle of the back wall is an opening through 
which the flared entry of the Cullum muffler 
projects into the enclosed area of the pen. The 
opening in the back wall is sealed round the 
muffler with a packing joint. The aircraft under 
test is moved into the pen and its jet pipe is 
centred in the flared entry to the muffler. 

With the pen and muffler installation in its 
present form, the noise of a large turbo-jet 
engine with reheat is reduced so that it can cause 
no annoyance at about 1000 yards and in many 
directions is inaudible at that distance, it is stated. 
Without reheat normal conversation is said 
to be possible around the pen walls. The 


equipment is installed at Vickers-Armstrongs’ 
South Marston factory. 
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RERATING OF INDUSTRY 


Since the County Councils Association 
adopted at the end of July a report from its 
local government finance committee recom- 
mending the abrogation of derating of 
industry and agriculture there has been 
much discussion of a proposal that is certainly 
attractive to all local governments. The 
situation is that by the Local Government 
Act of 1929 industry was relieved of rates to 
the extent of 75 per cent of the net annual 
value and agriculture, except for dwelling- 
houses, wholly relieved of rates. Com- 
pensation to local authorities originally 
came from “ block grants ” from the Govern- 
ment, though it seems never to have been 
complete. In 1948/49, however, that financial 
arrangement was changed. The block grant 
was discontinued and replaced by the 
Exchequer Equalisation Grant, the formula 
for the distribution of which has little, if any, 
relevance to the loss due to derating. The 
grant is intended to help poorer authorities, 
rather than richer ones, so that some boroughs 
and councils receive no grant at all; and 
it demands for its calculation a common 
national, instead of a local, yardstick for 
assessing net annual values. The last re- 
valuation for annual value was made in 1934 
upon the quinquennial system then ruling, 
the intervention of the war preventing any 
further revaluation since then. Now a new 
revaluation, to be effective in 1956, is being 
carried out. But, in consequence of the 
obvious difficulties imposed by rent re- 
striction, residential property is being assessed 
upon 1939 rental values, whereas commercial 
and industrial premises are being assessed on 
current values. 

It is argued by the protagonists of re- 
rating that the derating of industry and agri- 
culture was a “slump” measure, designed 
to assist industry and agriculture during the 
years of industrial depression ; that local 
authorities have expenditures to meet that, 
through causes not wholly within their 


powers to control, are steadily increasing ; 
that too much dependence on Government 
grants is unhealthy ; and that, in short, 
locally raised income should more nearly 
balance local expenditure. The first of these 
arguments seems hardly true. For the 1929 
Act followed upon Acts of 1875, 1896, and 
1923, all of which relieved certain kinds of 
properties of rates, and it was therefore a 
measure aligned to the general trend. More- 
over, at the time when it was enacted it seems 
to have been regarded as a long delayed act of 
justice on the grounds that industry, and 
even more particularly agriculture, got much 
less return from rates in the form of local 
authority services, than the private house- 
holder. To abrogate the relief would thus 
be to reverse a trend that has lasted some 
eighty years. It would be also to impose a 
heavy charge upon industry. At present, it 
has been computed, rates paid by industry in 
England and Wales amount to £13,500,000 
annually. As a consequence of revaluation 
that figure is likely to be increased to between 
£24,000,000 and £26,000,000 ; whereas the 
householder may well pay a little less than 
before. If industry were rerated the figure 
would reach over £75,000,000, on the 
assumption that local authorities’ incomes 
rise to a very limited extent. But if, as is 
possible, local authorities allow their ex- 
penditure to rise to a more material degree, 
then the rate burden upon industry may well 
increase to something far beyond this figure. 
In effect, it will be noticed, the assessment of 
industry and commercial premises upon 
current rental values and the assessment of 
residential property on 1939 values leads to a 
rerating of industry and commerce relative 
to residences. Protagonists of rerating 
argue that industry can well afford to. pay 
these additional millions ; that the rates paid 
by industry have risen by only 110 per cent 
since 1938/39 whilst trading profits have 
risen by nearly 300 per cent ; and that the 
element of rates is very slight in manufactur- 
ing costs. To that it may be replied that 
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industry can hardly be expected to meet so 
substantial a sum wholly out of profits, 
large proportion of which need to be ploughed 
back to finance expansion, and that the 
inevitable effect upon price is cumulative 
If coal costs more because of rerating 
transport will cost more not only because of 
rerating, but also because coal costs more 
and so on. The final effect upon expor 
prices is difficult to gauge, but is lik«ly to be 
substantially larger than the bare figures for 
increase of rates might suggest. Furt!:ermore, 
as a consequence of valuation for rating 
being uniform all over the country, the 
incidence of increased rates will be unequal, 
For prior to the war some local authorities 
deliberately left valuations low in order tg 
attract industry. As it is rate payments op 
industries and commerce in those areas are 
likely to increase between three and four 
times or even more. If rating relief ended 
they would pay ten to twenty times as much 
as they do now ! It should be observed, too, 
that rates are a fixed cost ; unlike income 
tax, they must be paid in bad times as well 
as good. Post-war experience in some sections 
of industry has revealed the fallacy of 
assuming that because industries are prosper- 
ous enough to bear a charge now they would 
not find it burdensome in future. 

The real problem underlying the agitation 
by local authorities for the abrogation of 
rating relief is that of local government 
finance. It can be heartily agreed that the 
situation is not healthy when local authorities 
can continue to function only with sub. 
stantial financial assistance from the national 
exchequer. But rerating does not seem to us 
to be a satisfactory answer to that problem. 
As a method of taxing industry it is out of 
date. The method was evolved some hundreds 
of years ago, when the only satisfactory 
means of assessing a man’s ability to pay was 
to observe in what kind of establishment he 
lived. To this day the method is satisfactory 
enough for residential property. But when it 
comes to assessing industry complications 
ensue and legal fictions have to be created, 
which, however satisfactory they may seem to 
lawyers and accountants, strike an engineer 
as verging upon the ridiculous. For example, 
a machine—or, more ridiculous still, only a 
part of a machine—can be deemed to be a 
‘* structure,” and therefore liable to valuation 
for rates, although in fact it can be moved ! 
The complications involved in assessing 4 
steel works or a chemical plant are enormous, 
even though a general ruling has been 
laid down ; the possibility of inequity is 
not beyond a peradventure ; and it may 
well be doubted whether the resulting valua- 
tion really has much relevance either to the 
capacity of a firm to pay or to the benefit it 
receives from local government services. 
The answer to local authorities’ financial 
problems surely lies in local government 
reform and clearer and more modern thinking 
about the means by which local autherities 
should be financed. The rerating of industry 
and agriculture now proposed appears ‘0 
us as an expedient which might well delay 
the facing of a problem that sooner or later 
will have to be solved, but which cannot 
satisfactorily solve it. Effectively, as we 
have already pointed out, the revaluation 
now going forward will impose upon industry 
an additional load of rates about equivalent, 
relative to rates to be paid by residential 
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property, 10 that from which it was relieved 
in 1929. Let local authorities be content with 


that ! 


TAKING TECHNICAL INFORMATION 
ABROAD 


Last week a meeting of national technical 
information services officers from thirteen 
Furopean countries and the United States 
yas organised in London by the European 
productivity Agency. The purpose of the 
meeting, the first of its kind ever held, was 
to exchange information about the ways 
echnical information services in the various 
countries are run and, no doubt, to study 
how co-operation could be made more 
efiective. It appears to have been an example 
of the kind of conference which clears the 
sround rather than one at which new agree- 
ments are reached. The representatives 
came away ‘much better informed than 
before as to the way technical information 
services are Organised in other countries and 
etter fitted, perhaps, to think out schemes 
by which the flow of information across 
national boundaries might be improved. 

The holding of the meeting is yet further 
evidence of the growth of appreciation of the 
great and increasing difficulty of disseminating 
the wealth of technical information that is 
being garnered in the more technically 
advanced nations of the world ; and of the 
value of making it more readily available. 
For long, of course, research workers have 
recognised the desirability before beginning 
a research, of examining the literature. It 
is they more than anyone else who have 
encouraged the setting up of information 
services through which they can obtain 
information about work carried out in other 
establishments than their own. But un- 
questionably the practice is less well estab- 
lished amongst other technical men. Much 
design certainly goes forward in ignorance of 
published material relevant to the problems 
designers have to face ; and many a pro- 
duction problem is unsatisfactorily solved by 
ad hoc methods on the factory floor when in 
fact more satisfactory solutions are already 
to be found in the literature. Broadly, it can 
be said to-day that anyone in need of tech- 
nical information would be very unwise to 
assume that it is not available. But, of 
course, there is more to this matter of getting 
information than a realisation that the 
material may be there for the asking. Just 
because the wealth of information is so great 
broadly phrased questions can no longer be 
satisfactorily answered. For the only answer 


| that can be given is an overwhelming flood 


of references! Thus the industrial inquirer 
after information must not only recognise that 
4 problem exists—a task often less easy than 
it sounds—but also be able more or less 
distinctly to define it. It may be, therefore, 
that there are thousands of minor problems 
to which the answers are already known, but 
which designers cannot find because they 
are unable satisfactorily to define an inquiry. 
Certainly information officers in such circum- 
stances can be very helpful ; certainly when 
the problem can be more effectively stated 
they can find the relevant references if they 
exist within national boundaries ; and un- 
doubtedly co-operation of services across 
national boundaries could assist still further. 
But information officers can hardly be 
expected, on top of their main task, to do 
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work that designers and makers alone can 
effectively do. The finding of relevant 


references is a work of co-operation in which: 


the user as well as the information officer 
must play his part. 

Of the value of disseminating information 
available in one country across national 
boundaries into another there can be no 
doubt whatever. Perhaps in the shorter 
term less well-developed countries receive 
the greater benefit. But there is no surety 
about it. One of the remarkable revelations 
of the Colombo plan has been the immense 
value of the schemes for providing technical 
assistance, schemes that, relative to the cost 
of the projects put in hand, have required 
insignificant expenditures. Yet without that 
assistance the projects could never have got 
under way and the technically well-developed 
countries which are supplying materials and 
plant would not have benefited from the 
orders received. There is here a direct 
analogy to the value of transmitting technical 
information across national boundaries. But 
it has to be remarked that some limits 
have to be placed upon the information that 
can be made available. Upon the general 
ground that the spread of knowledge must 
benefit humanity, and that the ultimate 
benefit to all is much greater than that to a 
few, the policy of many industrial research 
associations in revealing the results of their 
work only to members or even only to indi- 
vidual firms that have sponsored particular 
researches, is open to criticism, the more 
particularly as the practice may lead to the 
wasteful duplication of research in different 
countries. Yet it is hardly within the bounds 
of human bearing to contemplate offering 
to competitors the complete results of 
a costly series of researches. Nor could 
many research associations prosper if they 
could not offer individual advantages to each 
member firm, not experienced by outsiders. 
Yet that kind of secrecy can be overdone. 
Information officers, if the technical informa- 
tion services in various countries can be better 
linked together through a better under- 
standing of each other’s methods, might well 
help to prevent it going further than is reason- 
able, through proving able when a home 
source of information is not available to 
contact one abroad. We regard many of the 
activities of the O.E.E.C. as open to criticism. 
But here, in bringing together information 
officers from many countries in Europe to 
learn about each others methods, we believe 
something really useful has been done. 





Literature 


The Electromagnetic Field in its Engineering 
Aspects. By G. W. CARTER. London : 
Longmans, Green and Co., Ltd., 6, Clifford 
Street, W.1. Price 35s. 

ELECTROMAGNETISM figures in the curriculum 

of engineering, physics and- mathematics. 

For each subject a different treatment is 

required. Whereas there are a number of 

suitable textbooks which cater for the 
physicist, the books for the electrical engineer 
are usually either primarily technological or, 
if fundamental, are largely mathematical. 

Professor Carter has produced a book which 

gives a thorough treatment of the funda- 

mental principles of electromagnetism with- 
out recourse to more than “ Intermediate ” 
level mathematics. 

The first three chapters after the intro- 
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duction are devoted to electrostatics. This 
follows the conventional treatment : it begins 
with Coulomb’s law ; makes use of Gauss’s 
theorem and potential to find electric fields 
due to charge configurations ; covers capacit- 
ance and dielectrics ; and concludes with a 
consideration of energy and mechanical force 
in the electric field. The theory is illustrated 
with practical engineering examples, such as 
the calculation of capacitance associated 
with a three-phase transmission line ; and 
the instruments which make use of electro- 
static forces are described. There follows a 
chapter on electric current theory whose 
scope is limited to the interrelation between 
the electric circuit and the electric field ; 
and does not cover the multifarious circuit 
theorems and applications which form a 
separate and well-documented subject. 

There are a number of starting points for 
the development of the theory of the mag- 
netic field. One method, advocated by those 
who consider that the inverse square law is 
paramount, is to begin with magnetostatics. 
This can be objected to on the grounds that 
the concept of isolated magnetic poles is 
artificial. In electrical engineering magnetic 
fields due to electric currents are the chief 
concern. Professor Carter’s approach to the 
subject is the equivalence of a current loop 
to a magnetic dipole. This leads to a defini- 
tion of the unit of magnetic induction or flux 
density, B. The magnetic field or magnetising 
force, H, which is related by the work iaw to 
magnetic potential, is afterwards introduced. 
There is an interesting discussion on the dis- 
tinction between B and H and the conflicting 
E-H and E-B analogies. This is a subject of 
considerable controversy. In this book the 
parallel between electricity and magnetism is 
not emphasised—rather the reverse. B and E 
are taken as the primary vectors with H and 
‘D as secondary. The magnetic field in free 
space due to standard current configurations 
is calculated by means of magnetic potential, 
the magnetic circuit law and Biot and 
Savart’s law. In the next chapter the mag- 
netic effects of iron are considered and 
results obtained for practical engineering 
problems, including leakage flux and the 
field due to a conductor in the centre of an 
iron slot. 

Electromagnetic induction, which follows, 
is very thoroughly treated. Superficially this 
seems an easy subject : the application of the 
appropriate rules produce the correct answer 
in the majority of cases. It is only when the 
fundamental principles involved are ex- 
amined critically that the difficulties are 
brought to light. What is the exact meaning 
of flux leakage ? Why is it necessary to 
apply the “flux threading rule” in some 
cases and the “ flux cutting rule” in others ? 
If a permanent magnet revolves, does the 
magnetic field revolve with it ? These 
problems, among others, are investigated 
and very satisfactory explanations given for 
the physical processes involved. 

A chapter on energy and mechanical force 
in the magnetic field covers a wide range 
of subjects, including calculation of forces 
from changes in potential energy, energy 
storage, forces on circuits associated with 
iron, hysteresis and eddy current loss. A 
noteworthy inclusion is the description of 
how the forces act on a motor armature with 
the comparison between a practical machine 
and the idealised model which is used for 
calculations. The qualitative picture of a 
magnetic field in terms of lines of force, 
under tension and with mutual repulsion, is 
given a quantitative significance by an 
examination of Maxwell’s stress theory. 
Admittedly this is a very artificial conception, 
but it can be used to give practical and useful 
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results. The concluding chapter on the 
magnetic field covers vector potential and 
the calculation of inductance. The vector 
potential is defined in terms of the electric 
field, E and not in terms of the flux density B, 
as is usual. The inductance calculations 
include a detailed consideration of the various 
flux paths in an alternator. 

The next chapter deals with alternating 
field phenomena in conductors. All the 
electrical quantities are assumed to have 
sinusoidal time variations which are ex- 
pressed in exponential form. This, together 
with the use of the a.c. operator j, consider- 
ably simplifies the mathematical analysis so 
that results for such problems as the penetra- 
tion of flux and current into an iron plate, 
and the skin effect in circular wires, are 
obtained without the calculations obscuring 
the physical reasoning. 

After a comprehensive treatment of the 
electric field and the magnetic field, Max- 
well’s equations and the propagation of 
electromagnetic waves follow logically. A 
very good explanation is given of displace- 
ment current and Maxwell’s hypothesis of 
total current, a subject which often presents 
some difficulty. The plane wave solution of 
Maxwell’s equations is obtained with no 
more complicated mathematics than line 
integrals. It is stated that the plane of 
polarisation for light waves is the plane con- 
taining the axis of propagation and the 
magnetic vector: it should have been 
pointed out that it is now the usual practice 
in radio waves to take the electric vector as 
defining the plane of polarisation. Trans- 
mission of signals down a coaxial cable is 
used to illustrate the behaviour of electro- 
magnetic waves in the presence of con- 
ductors. The general case of reflection at a 
perfectly conducting boundary is considered, 
leading to the basic principles of wave guides. 
Finally by means of retarded potential, 
expressions are derived for the radiated field 
from an elementary dipole, the basic theory 
of aerials. 

It is only in the penultimate chapter on 
energy flow in the electromagnetic field that 
vector analysis is introduced and explained. 
After a restatement of Maxwell’s equations 
in vector form the expression for the energy 
flow in terms of the Poynting vector is derived 
and examples given of its applications. An 
alternative picture of energy flow in terms of 
another vector due to Slepian is included. A 
final chapter gives a simple account of the 
restricted principle of relativity and discusses 
some relativistic effects in electromagnetism. 
This provided the justification for a number 
of fundamental postulates on the theory of 
electromagnetism which are usually either 
taken for granted or left unexplained. 

The development of the theory as a single 
whole is facilitated by the use of the rational- 
ised M.K.S. system. One departure from 
normal practice, carefully explained in the 
preface, is the distinction made between 
permittivity and permeability as properties 
of matter, and the fundamental constants 
usually called the “‘ absolute permittivity (or 
permeability) of free space.” The symbols 
«x and uw are used for the former ; different 
symbols 7 and e, have been adopted for the 
latter, designated primary electric (or mag- 
netic) constant. The other symbols adopted 
conform to standard usage, except for the 
Poynting vector, where S is used instead of P. 
A full list is given at the beginning of the 
book. 

In this book the electromagnetic field is 
treated thoroughly and systematically with 
the engineering viewpoint to the fore. The 
whole of the subject matter is very well 
arranged and set out with clear diagrams and 
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well-spaced mathematical calculations and 
equations. The contents of each chapter 
follow a logical and progressive sequence. 
After each there are a number of university 
examination questions with answers at the 
end of the book. The author has certainly 
succeeded in his aim of producing a 
“thoroughgoing non-mathematical treat- 
ment of the theory of electromagnetism.” He 
has written an excellent book which will be 
welcomed by all engineers who wish to obtain 
a deep insight into this subject, and it is 
particularly recommended to the electrical 
engineering student. 


Letter to the Editor 


(We do not hold ourselves — the opinions of our 


ECONOMY IN THE CONSTRUCTION OF 
POWER STATIONS 


Sir,—The report of the Committee of Inquiry 
into Economy in the Construction of Power 
Stations, prepared for the Ministry of Fuel and 
Power, deals in the first place with possible 
economy on the civil engineering side of power 
station construction, where considerable savings 
can be—and, in fact, have already been— 
achieved. On the mechanical engineering side, 
the adoption of the unit arrangement of one 
boiler for one alternator and the enlarging of 
the units has vastly contributed to a reduction 
in installation expense. There is, however, no 
mention of the great possibilities of saving steel 
and space in boiler construction and so reducing 
the initial cost of the plant, with additional 
saving in civil work. 

In a paper by T. E. Crossan and W. F. Ryan, 
entitled ‘‘ Controlled Circulation at Chesterfield,” 
published in the Trans. A.S.M.E., July, 1954, 
the reasons for selecting forced and controlled 
circulation boilers are given and the results 
obtained are described. The Chesterficld power 
station has three units. The two older ones 
include natural circulation boilers and have 
outputs of 62,500kW and 66,000kW, the width 
of the boiler-houses being 91ft 9in and 8Ift 
respectively. The recently installed 100,000kW 
unit, with forced circulation boiler, has a boiler- 
house width of only 77ft. The building volume 
for the forced circulation unit is 15 per cent less 
than for the 62,500kW unit, but its power output 
is 50 per cent greater. A comparison of the 
overall dimensions of steam generating equip- 
ment for Chesterfield, ie. the installed forced 
circulation boiler and an alternative tender for 
a natural circulation boiler for an output of 
750,000 Ib of steam, shows that the forced circula- 
tion boiler requires 30 per cent less floor space 
and 40 per cent less volume. The weight of the 
forced circulation unit is 2110 tons, i.e. 445 tons 
less than the equivalent natural circulation boiler. 

It is suggested that the savings in plant cost 
that were obtained in this American station at 
no sacrifice of reliability could equally well be 
achieved in British power station construction 
by the adoption of forced circulation boilers. 

G. A. PLUMMER, 
M.I.Mech.E., M.I.Mar.E., M.A.S.M.E. 
Wolverhampton, 
September 27th. 


Wear and Tees River Board 


Tue fourth annual report of the Wear and 
Tees River Board, which has recently been 
published, gives interesting information about 
the Board’s activities, up to March 3lst last, 
concerned with river gauging and rainfall 
measurement, land drainage, fisheries, and on 
the prevention of river pollution. The Rivers 
Wear and Tees are amongst the most variable in 


Oct. 8, 1954 


the country and their flows are subject to ray 
and extreme fluctuations, the report states A 
an increased acquaintance with these Sea 
served to accentuate the general difficulties f 
measuring their flows. The most desir 
localities for gauging stations have been decided 
however, and the search for favourable si 
within these localities was proceeding, 
most pressing information, the Bo: 

was for information about low flows and the 
effects on the abstraction of water. A number, 
maintenance works and internal drainage wo, 
were carried out during the year and the Boar 
approved proposals with an estimated cog of 
£51,500 for improvement of the River Skerne 
through Darlington. The report considers that 
the most important work of the year arose from 
the East Coast floods of January, 1953, Tidal 
embankments were raised and strengthened y 
Port Clarence and Thornaby, and other wor; 
included realignment of the river channel an 
stabilising an eroding embankment on the Tex 
at Manfield. River pollution was being active) 
investigated by the Board. This work include 
the completion of a survey of sewage and trag 
effluent discharges in the Board’s non-tidal are, 
and a total of 248 sewage disposal works and |( 
trade premises have been listed. The Boar 
continued its policy of encouraging a regiona 
approach to sewage disposal, and three alte. 
native regional schemes were considered anj 
submitted to the Ministry of Agricuiture an) 
Fisheries, and a public inquiry was held 
Effluents discharged from collieries and coke 
works, including water raised or drained from 
underground workings, it is pointed out, form 
the most serious source of industrial pollution jp 
the Board’s non-tidal area. Satisfactory pro. 
gress was made with the construction of froth 
flotation and water clarification plants at varioy 
collieries, but generally the Coal Board wa 
carrying out an investigation of the problem, 





Ninetieth Anniversary Exhibition 


To celebrate the ninetieth year of the founda- 
tion of the firm of Kléckner-Humboldt-Deut 
A.G., Deutz-Miilheimer Strasse 149, Cologne, ii 
was decided to bring together several example 
of modern internal combustion engine drives 
and to show these alongside some of th 
early “ Otto’’ engines made by the firm. The 
exhibition was arranged in an open-air space and 
in one of the main buildings of the Cologne Fair, 
and it was held from Wednesday, September 
15th, until Sunday, September 19th. During 
this period the works at Miilheim were open for 
inspection and were visited by a large number o! 
people. 

In the open area at Cologne about 100 firms 
from all parts of Germany demonstrated som 
200 machines, implements and vehicles, showing 
a number of applications for oil engin 
drives. They included cranes, excavators, 
tractors, compressor sets, welding and generating 
sets, road building machines, locomotives, and 
special vehicles for road transport. All thes 
machines were equipped with Deutz air-cooled 
engines with outputs up to 250 h.p. 

In the hall of the Cologne Fair Building the 
firm displayed by means of pictures and statistics 
the development of the works in the course 0! 
ninety years. The visitors were particularly 
impressed by several of the earlier engines shown 
An atmospheric engine was working with 4 
peculiar rhythm. It was built in 1873 according 
to the design for which Otto and Langen wert 
awarded the Gold Medal of Paris in 1867 for the 
most economic power unit in the world. Clos 
at hand was a gas engine built in 1876, running 
quietly, designed by N. A. Otto, which may 
said to have marked the beginning of the 
increasing use of gas and oil engines for industrial 
work. Under the name of the “ Otto Silent 
engine, it was first manufactured in England by 
Crossley Brothers, of Openshaw, Manchester, 
and became famous in Great Britain. Thi 
period of the firm’s development was des 
cribed in the article on “Otto and the Otto 
Engine,” which was contributed by Dr. Goldbeck 
and was published in our issue of November 21, 
1952. 
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Institution of Naval Architects 


AUTUMN MEETING 
No. II—{ Continued from page 451, October 1st ) 


HE Institution of Naval Architects’ 

meeting at Torquay was continued on 
Tuesday afternoon, September 21st, with Mr. 
R, B. Shepheard in the chair, when a paper 
was presented on “B.S.R.A. Resistance 
Experiments on the ‘ Lucy Ashton,’ Part III, 
The Ship-Model Correlation for the Shaft- 
Appendage Conditions,” by H. Lackenby. 
An abstract of the paper begins on page 488 
of this issue. This paper is supplementary 
to one read by Sir Maurice Denny 
before the International Conference of Naval 
Architects and Marine Engineers, 1951, an 
abstract of which appeared in THE ENGINEER 
of July 6, 1951, and the paper read by J. F. 
Cc. Conn, H. Lackenby, and W. P. Walker, 
at the spring meeting of the Institution of 
Naval Architects, 1953, abstracts of which 
appeared in THE ENGINEER of March 27, 
April 3 and 10, 1953. 


DISCUSSION 


Dr. S. Livingston Smith: A striking 
feature about the results of this investigation 
is that both current and some old practices 
in the estimation of scale effect on appendage 
resistance have to some extent been con- 
firmed, with some reservations in the case 
of the bossings. At service speed the scale 
effect for bossings is given as approximately 
50 per cent, a rough figure which has been in 
use for a long time. At the higher speeds, 
the bossing effect is exaggerated on the model 
and that there is some change of flow 
between model and ship is supported by the 
difference of running trims on the ship as 
compared with models, shown in Fig. 15. 

Fig. 14 gives an overall check on the 
accuracy of all results, including those in the 
previous papers, and the curves show the 
roughness allowances for the ship which are 
necessary to complete the ship model balance. 
They are given for the naked hull, the hull 
with bossings and the hull with shaft brackets, 
and I think that the total agreement 
between the three curves is proof of the 
overall accuracy of the results. We have been 
striving all the time for the greatest possible 
accuracy in the full-scale experiments, and I 
claim that we have maintained it and that, 
therefore, these results are correct. 

Ir. A. J. W. Lap: The paper deals with 
the results of resistance measurements on a 
comprehensive series of geometrically similar 
ship forms with and without appendages. 
These measurements, carried out with great 
accuracy, may contribute to a more extensive 
knowledge about scale effect of appendage 
resistances. 

I am disappointed that the experimental 
work leads to the rough conclusion that the 
increments in ship resistance, due to append- 
ages, are roughly one-half of those measured 
on the models. 

Although I agree with the analysis given, 
using only differences between curves of 
specific resistance, it is possible to give a 
further analysis of the results without taking 
into consideration the exactness of any 
Particular resistance extrapolator. This is 
possible by making use of the properties of 
the modern ship form frictional drag curves. 
As has been pointed out by Dr. Hughes, the 
eflect of form on the frictional resistance 
Coefficients is proportional to the frictional 
Tesistance coefficients of the corresponding 
flat plate, and at the seventh International 


Towing Tank Conference, Professor Troost 
showed that the Lap-Troost extrapolator 
leads to almost the same results. 

Figs. 12 and 13 of the paper show that for 
bossings and shaft brackets there is a dif- 
ference in specific resistance with the naked 
models, at both the higher and the very 
low speeds. When the measured values for 
Appendices I and II are plotted, this difference 
tends to decrease for increasing model size. 
The most likely conclusion from these 
experimental facts is that different ship form 
frictional drag curves must be used for the 
different conditions. The differences between 
the respective ship form frictional drag curves 
are 4:5 per cent of the corresponding 
Schoenherr frictional resistance coefficients 
for bossings and 6-8 per cent for shaft 
brackets. The Schoenherr extrapolator has 
been chosen for reasons of easy calculation. 

For shaft brackets it is unlikely that the 
specific wave-making resistance will be 
changed in comparison with the naked hull 
condition. Thus the specific resistance 
coefficients can be “ predicted” from the 
naked hull results by adding to the total 
specific resistance of the latter 6-8 per cent 
of the corresponding specific frictional resis- 
tance. I have done this for all the models and 
for the “‘ Lucy Ashton,” and I have plotted 
the results for the 9ft, 16ft and 30ft models 


as well as for the “Lucy Ashton” on a 


base of V/+/L together with the actual 
measured values. All the spots refer to 
individual observations. The agreement 
between measured and “ calculated ”’ results 
is striking. With bossings aligned in the 
streamline flow we may expect similar 
results as for shaft brackets. Perhaps the 
author can give information about the pre- 
liminary tests with the 16ft model. Bringing 
the web of the bossing across the flow will 
result in lift forces and these may change the 
trim of the ship and also the wave-making 
resistance. 

For this model it is possible to add to the 
individual naked hull results 4-5 per cent of 
the corresponding Schoenherr coefficients. 
The differences in total specific resistance 
between these corrected values and the line 
faired through the actual measured results 
have been plotted, and if these differences are 
due to wave-making resistance, they must be 
independent of the model scale and vary with 
V/VL only. This condition is fulfilled 
within the limits of experimental error. A 
mean line has been drawn through all the 
spots, giving the increase in wave-making 
resistance due to the bossings. Using this 
line and the known correction for difference 
in ship form frictional drag curve it is possible 
to “ predict” the results with bossings from 
the results in naked hull condition. Again, the 
agreement between the predicted and the 
actually measured values for three models 
and the “ Lucy Ashton” is striking. My 
conclusion is that for the “‘ Lucy Ashton ”’ 
model family the ship form frictional drag 
curves method gives a complete answer as 
to how the resistance of appendages can be 
extrapolated. The only thing to do is to 
carry out experiments at sufficiently low 
speeds to determine the line V/VZ-—+O and 
extrapolate the results according to the corre- 
— ship form frictional drag curve. 
If we calculate what the author calls “ the 
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degree of scale effect’’ according to the 
method I have mentioned we find almost the 
same results as those of the author. 
Professor G. Vedeler: The ship- model 
correlation made in Part II of the “ Lucy 
Ashton” papers has been rightly criticised 
by Hughes, Telfer, Kempf and Troost 
because the curves drawn do not fit the 
points of measured values. The curves 
have been forced to be parallel to the 
Schoenherr line notwithstanding the values 
measured for the 9ft model, especially at the 
lower speeds. A similar criticism applies to 
Part III. Troost has tried to draw best 
average curves for all experimental model 
data given in Part II, and his conclusion is : 
“An endeavour to extrapolate these curves 
to the full-size ship region gave very erratic 
values for roughness allowance.” The same 
will apply to the results given in Part III and 
the curves given in Fig. 14 of the paper should 
not be taken as scientifically correct. 
Kempf’s tests with a double model of the 
**Lucy Ashton” towed in both directions 
show that this ship must have shown a con- 
siderable amount of eddy-making, and Troost 
points out that there must be a certain 
amount of interaction between the wave- 
making and frictional resistances. It seems 
necessary to ask for the assistance of mathe- 
maticians in solving these questions. 


Sir Victor G. Shepheard : The difficulty of 
drawing reliable conclusions from model 
experiments regarding the resistance of com- 
paratively small appendages is emphasised 
by the results in the paper. It is therefore 
an achievement that we now have some 
reliable information as to the actual resist- 
ance of shaft appendages. It is not surprising 
that shaft brackets and shafts were found 
to be less resistant than bossings at the service 
speed of 12 knots and that the difference was 
small and roundly about 1 per cent of the 
ship resistance. In dealing with small 
differences the question of accuracy of the 
ship measurements arises, for great refine- 
ment of accuracy is called for to distinguish 
between the merits of the alternative arrange- 
ments. An overall accuracy of plus or minus 
4 per cent would be a very high standard, 
considering the conditions of the trial, which 
involve a period between dockings and other 
variables for which reliable corrections are 
difficult. Even if this refined standard were 
obtained, the only really firm conclusion is 
that there is little to choose between the 
alternative arrangements, as far as resistance 
is concerned, and that the contribution of 
each to the total ship resistance is about 4 per 
cent at service speed. An error of the order 
stated would partly explain the change in 
relative merit of the two arrangements at 
low service and high speeds. 

On this question of accuracy the tabulated 
results in Appendix I show that the density of 
the water during the trials varied between 1007 
and 1021 ounces per cubic foot, a variation 
of 1-4 per cent. Apparently the density of the 
water was measured only once on any particu- 
lar day, whereas one would expect the density 
of the water in the Gareloch to vary hourly 
according to the state of the tide and also 
along the trial course. Would the author 
remark on this question of density correction 
and also the bearing of overall accuracy of 
measurement on his conclusions ? 

The author mentions that the slight resist- 
ance advantage of the shaft brackets might 
have been offset if the bossing webs had been 
aligned to the flow. It can be added that 
improvement in the shaft brackets would be 
obtained if the arms were similarly adjusted. 
Close alignment of the arms would be readily 
practicable as these are local features, 
whereas the bossings extend over a fair 
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length of the hull and appreciable twist 
might be required to ensure minimum 
resistance. The importance attached to the 
alignment of shaft brackets for H.M. ships is 
brought out in Dr. Gawn’s paper. It 
would not be appropriate to draw conclusions 
as to the relative merits of the alternative 
shaft arrangements from the results in the 
“Lucy Ashton.” Any assessment must 
take account of the overall propulsive 
efficiency. This has been investigated by 
model experiment for one or two designs. 
The wake was found to be greater with 
bossings, so that the position was complicated 
by the need for the propeller to be of less 
pitch than if shaft brackets were fitted. 
There were also small changes in the augment 
of resistance and relative rotative efficiency, 
so that there was no clear-cut difference 
between the two arrangements from a pro- 
pulsive point of view. There is, however, a 
saving of weight with shaft brackets which is 
attractive to the warship designer. 

Professor E. V. Telfer : When I discussed 
his previous paper I pointed out that, whilst 
the author had used the Schoenherr extra- 
polator and had adopted the device I sug- 
gested in my 1927 paper, of linearising what- 
ever extrapolator one wished to use, 9ft 
model results completely confuted any right 
he had to adopt the Schoenherr line as his 
extrapolator. The only two extrapolators 
to use are the Hughes extrapolator and my 
own. It was mentioned by Mr. Lap that it is 
not necessary to have the correct extrapolator 
to glimpse the truth now emerging. That 
statement is completely wrong, for we must 
have our extrapolators correct throughout 
the whole of this range, and the author’s 
adoption of the Schoenherr extrapolator 
postpones the day when we shall see the 
truth with greater clarity than at the moment. 

I look forward to his results on bossings 
and shaft brackets with interest, and feel 
that they will reveal still more difficult 
things to explain than in the previous paper. 
In my 1951 paper I pleaded for experi- 
menters to carry out scale effect tests with 
controlled types of bossings, and suggested 
that they should make tests on aerofoils, of 
controllable angles and definite size and lift 
qualities, placed in the vicinity of shaft 
bossings or brackets. We could geosim 
them and alter the angle and see what 
happens to the total scale effect. We want 
a scientific investigation into the mechanism 
of shaft bossing scale effect, because it seems, 
from the bossing results given, that we have a 
contradiction in extrapolation qualities. At 
the low speeds we have very little scale 
effect ; at 144 knots we have quite a good 
amount. That cannot be due to drag changes 
and it shows how important it is to test 
bossings at different angles to the flow. 
What you have seen in the 144 knot line, I 
suggest, is the gradual increase of the lift 
on the bossing inclined forward, due to the 
wave angle, combined with the gradual 
reduction of the skin friction. 

Mr. H. Volpich: Although the shaft 
appendage addition is relatively small when 
assessing the total e.h.p. of a hull form, both 
the specialist and the general practitioner 
in the field of naval architecture have often 
been undecided whether to add the full model 
value or only a fraction of it to the final 
naked e.h.p. From the “Lucy Ashton” 
experiments, there is no doubt that both for 
full bossing and shaft brackets, only 50 to 60 
per cent of the total model addition should 
be used. For full bossing these results 
are in contradiction to the N.P.L. results 
published by Dr. Allan in his 1950 paper to 
the Institution of Engineers and Shipbuilders 
in Scotland, where a series of geosims varying 
in length from about 18ft to 34ft showed 
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only negligible scale effect for full bossing. 
In my contribution to the discussion on that 
paper some of the available Dumbarton 
tank data were analysed, and substantiated 
the author’s conclusion that there is hardly 
any scale effect in full bossing. 

With regard to open shafting and “A” 
brackets, Fig. 16 in the present paper pro- 
vides a conclusive picture of scale effect for 
this type of appendage with the curves of 
strut data finally joining up with Froude’s 
formula at 6x 10° Reynolds number. Some 
full-size tests with struts 104in by 2}in were 
run some time ago in the Dumbarton tank 
and the relevant figures check with the data 
in Fig. 16. The Dumbarton values are :— 

Reynolds Number 5-78 x 10° Drag coefficient — 0-0287 

Reynolds Number 7-35 x 10° Drag coefficient -0-0266 

Reynolds Number 8-92 x 10° Drag coefficient = 0-0263 

They run very close to Froude’s line. 

For shafts and “A ’”’ brackets the shafts 
are the major contributors to scale effect, 
and in order to complete Fig. 16 it would 
have been interesting to see the results where 
in some of the geosims the total appendage 
resistance had been broken up into these 
two components. Although the evidence of 
scale effect on full bossing is convincing from 
the ““Lucy Ashton” tests, another similar, 
series would be useful in order to make a 
final decision. Our Dutch friends in Wagen- 
ingen carried out extensive geosim tests on 
the “ Victory” ship up to a one-sixth scale 
model, the “D.C. Endert Jr.” If those 
models were still available the deadwood aft 
could be filled in, full bossing could be fitted 
to suit twin screws of about 14ft 6in dia- 
meter, with a propeller tip clearance of about 
28 per cent. With the propellers abaft 


Stn. 4 the bossing would be shorter than in 
ordinary twin screw vessels, but would still 


extend over approximately one-and-a-half 
stations. This would give a complementary 
series from one-sixtieth to one-sixth scale of 
the full-size ship. 

Dr. J. F. Allan: The first point on which 
to concentrate is the difficulty of achieving 
sufficient accuracy in this work, where we 
are measuring small additions. We are 
well aware of that at the N.P.L. in view of 
the fact that the model experiments were 
carried out there. A trouble point is the 
different conclusions arrived at as the result 
of these experiments from the conclusion I 
came to on the geosim experiments made 
some years ago. The experiments from which 
I came to my conclusion were confined to the 
model range from about 16ft to 30ft. If you 
studied Fig. 8 in the paper in respect of the 
models in the 16ft to 30ft range, with no 
other information available, you would be 
prepared to accept that any difference was 
just that due to skin friction. But the 
important feature here is that it is established 
that the ship increment with bosses and with 
** A” brackets is of the order of 50 per cent 
of that measured on the models within the 
scale range used. That is a fact we have to 
accept and try to explain, and it is important 
that further work should be done on this 
subject. It would be a mistake to make the 
general conclusion that bossing scale effect 
is of the order of 50 per cent as between the 
model and the ship. I agree about the 
difficult situation which arises in the region 
of the wave hump. We must remember 
that this is a shallow draught vessel and the 
bossing apparently had a marked effect on 
the wave formation at the after end of the 
ship, an effect which would not exist with the 
“A ” bracket. 

Mr. Lackenby, in reply, ‘said: Dr. 
Livingston Smith has referred to the con- 
vincing evidence of consistency in Fig. 14, 
and I would add that there is even more 
convincing evidence of this in Part IV of 
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this series of papers, which is in the press 
I am quite convinced that the accuriicy ang 
consistency are remarkably close. Nir, Lap 
seems very disappointed that the answers ar 
so simple, I am not disappointed ; | Joy 
simplicity. If half is too simple, I c2n only 
say I am sorry. 

I think there is too much concentri‘ion op 
this skin friction extrapolation, beca.:se jt jg 
not all skin friction. There is such a thing 
as separation of flow, especially wii! smajj 
models. It does not follow that the model 
resistance result is wrong or that Schoenherr; 
skin friction line is wrong, but there is ap 
indication in connection with the 9fi mode) 
of some other factor which we do noi knoy, 
1 am doubtful about the wisdom of trying to 
make ship model experiments on models of 
about Ift long for I am not sure that we haye 
there skin friction plus waves, but skin fric. 
tion plus waves plus eddy flow, which does 
not happen on the bigget models or on the 
ship. 

Dr. Vedeler mentioned that the curves ip 
Fig. 14, although they seem to agree very 
closely, may not be scientifically exact, 
However, they did come near enough for 
practical purposes—and I would emphasise 
that this investigation was intended to be a 
really practical one. 

The meeting was continued on the morn 
ing of Wednesday, September 22nd, under 
the chairmanship of Mr. R. B. Shep 
heard, with the reading of the following 


paper :— 
THE MEASUREMENT OF POWER 
By T. W. F. Brown, D.Sc., S.M. 
SYNOPSIS 


To improve the efficiency of ships or assess the 
efficiency of power production accurate measurement 
of power is necessary and there are two main methods 
used, namely, absorption of power by dynamo- 
meter or the non-absorption of power by measure- 
ment of torque and revolutions or the measurement 
of propeller thrust and speed of vessel. Early friction 
brakes are mentioned, including a Froude rope 
dynamometer of 1858 and also the development of 
hydraulic dynamometers from the 1877 Froude 
instrument of 2000 s.h.p. capacity to the Heenan and 
Froude 60,000 s.h.p. dynamometer of 1947. Other 
means of measuring power by absorption described 
are : the air or steam brake, the steam generator and 
the eddy current brake. A part of the paper deals 
with power measurement other than by measurement 
of angle of twist of shafting, such as engine indicator 
diagrams for steam and heavy oil engines and single- 
point and electronic indicators for high speed engines, 
also belt dynamometers, spring Gynamometers, the 
hydraulic transmission dynamometer and the annulus 
reaction dynamometer. The characteristics of 
torsionmeters are discussed, including five optical 
instruments, an acoustical torquemeter, together 
with various electrical methods of measurement. 
Thrust meters for measuring power developed in 
linear motion are mentioned and also integrating 
power meters, of which three are noted. These 
include a mechanically operated instrument, the 
United States Naval Research Laboratory power 
torquemeter, and the integrating horsepower hour 
meter now under construction at Pametrada. 
An illustration of a torque applicator is given, and itis 
suggested that an adaptation of the scheme could be 
used as a less expensive alternative to calibrating shafts 
in the shop. 


DISCUSSION 


Mr. F. H. J. Yearling : The Froude brake 
shown in Fig. 1, or a similar apparatus, was 
used at Torquay in 1873 and was transferred 
to Haslar and used there until 1939. Surely, 
a tribute to the engineer Froude and to those 
who made the apparatus. A further instance 
of his genius is the hydraulic brake, and this 
morning I have brought along the original 
prototype of this brake. It appears that 
little has been done to measure the frictional 
losses in shafts since the 1880 experiments on 
the “‘ Conquest,” and I think that we should 
do such experiments again. One of our big 
troubles is to know how much we lose in the 
frictional and other parts; perhaps the 
B.S.R.A. or the Admiralty or others might 
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be able to do such trials and give us more 
information. In his conclusions Dr. Brown 
states ‘hat he expects an accuracy of +2 per 
cent in a torsionmeter. I was rather sur- 
prised by that, for in my experience on ship 
trials 1( is more like -+-5 per cent or even 
€. 

leg: J. D. van Manen: Reliable 
measurements with torsionmeters are of the 
utmost importance for determining the 
allowances required to bring trial trip and 
service results into agreement with the results 
of the model test. For this reason this 
review of the available torsionmeters is very 
welcome, and Dr. Brown’s experience will 
be of use to those who are trying to improve 
the accuracy of torsionmeter results. It may 
be of interest to give some additional in- 
formation on the Maihak torsionmeter and 
to refer to the experience of the Netherlands 
Ship Model Basin with this type of torsion- 
meter. (1) When measuring the torque by 
means of oscillating test wires, the latter are 
applied two at a time. One test wire is 
loaded and the other unloaded by the torsion 
angle of the shaft. In this manner the 
influence of temperature and centrifugal 
forces has been eliminated. (2) As the prin- 
ciple of the Maihak torsionmeter is based on 
the measurement of a frequency developed 
in the test wires, variations in line voltage or 
in switch contact resistance do not influence 
the performance of the torsionmeter. (3) As 
to the difficult observation of the Maihak 
torsionmeter when cyclic variations in torque 
occur, the experience of the N.S.M.B. is 
that sufficient accuracy of observation is 
possible on single-screw ships. (4) To pre- 
vent inaccuracies caused by zero wander it 
is strongly recommended that the zero point 
be controlled as much as possible. (5) For 
further observations in a seaway it is 
important to register or integrate the power 
measurements without decreasing the 
measuring accuracy. In this respect I would 
mention the Japanese paper “‘ An Investiga- 
tion into the Seagoing Qualities of the Single- 
screw Cargo Ship ‘ Nissei Maru’ by Actual 
and Model Ship Experiments,” prepared for 
the seventh International Towing Tank Con- 
ference. 

Finally, in my opinion, the value of the 
results obtained with a given torsionmeter 
depends more on the skill and experience of 
its operator than on its design. 

Dr. J. F. Allan : The N.P.L. torsionmeter 
is specifically mentioned in the paper. It 
was designed as a laboratory instrument to 
be fitted for use on trials, and under expert 
supervision. The unit has been used for 
16in to 48in shafts without modification and 
it can be made adaptable for use over ranges 
of other sizes of shafts. The accuracy of the 
instrument is at least equal to that of the 
Siemens-Ford torsionmeter and it has the 
added advantage that it can be calibrated 
accurately in the laboratory both before and 
after the trials. A device is built into the 
system so that accurate revolutions are 
maintained when necessary during trials. 
Some difficulty was experienced in regard to 
temperature effect on the meter itself, but 
that snag has been eliminated. 

- The question of the modulus of rigidity 
is of importance in this kind of torsionmeter 
and recent experience makes it clear that 
the calibration of the torsionmeter on the 
shaft is absolutely essential for accurate 
results. The system of calibrating on the 
ship which Dr. Brown has indicated is 
interesting. The proposal Dr. Brown makes 
of dealing with 6ft lengths of shaft. looks 
attractive but the figures suggest that it may 
be difficult to do that on a ship. You may 
have to anchor the two end points so that 
they ake no relative movement, and you 
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cannot take that for granted in a ship 
structure. Further, there is practical diffi- 
culty, when conducting commercial trials, in 
fitting special lengths of shaft which have to 
be calibrated. 

Mr. A. Silverleaf: In the ship division 
of the N.P.L. we have a considerable interest 
in power measurements on shipboard, but the 
principal concern is the measurement of 
power delivered to and the thrust delivered 
by model propellers, driven alone or in 
conjunction with the hull. The problem is 
different in degree from that discussed by 
Dr. Brown but it is the same kind of problem, 
and we have in addition the difficulty of 
making measurements over the full range 
from zero to full load. Our main problem, 
since we have always a screw to absorb the 
power, is the development and use of accurate 
transmission dynamometers. For internal 
drive we measure the torque by stator friction 
reaction, and still propose to measure thrust 
through linkages, using springs, and the 
hydraulic pick-up for force measurement. 
The best solution to the problem is to use 
the electrical torsionmeter incorporated in 
the large ship torsionmeter. Again, we are 
measuring thrust, rather unusually, by an 
inductance strain gauge system. These 
electrical methods have very considerable 
advantages, but there are difficulties when 
making measurements over the range from 
zero to full load. These are all measurements 
of forces or moments; but to measure 
power we must measure revolutions accu- 
rately and in the laboratory high-speed 
mechanical or electronic meters are used. 
The Yates integrating power meter interests 
some of us and I wonder whether those 
concerned have considered, instead of using 
the tooth wheel to generate the impulses, the 
adoption of magnetic means. 

Professor E. V. Telfer: In connection 
with the power meter which the late Mr. 
Yates had been considering, I ask whether 
Dr. Brown is aware of what to me appears 
to be an identical arrangement which was 
invented some twenty years ago by the late 
Mr. Gerald Whiting. I tested several of Mr. 
Whiting’s instruments on ships against the 
generalised power diagram which I developed 
some years ago and was surprised how near 
the integrating power meter results and the 
analyst’s results agreed over weeks and years. 
The idea of the integrating power meter is 
excellent and if shipowners take it up | 
am sure our knowledge of the service per- 
formance of ships will be greatly increased. 

Dr. S. Livingston Smith: There are 
really two distinct problems here, one is to 
measure the power in models and in the shops 
on shore, and the other to measure the power 
in the actual ship. For models and in the 
shops the problem is relatively simple, 
because you can cut the shaft and measure 
the actual power being transmitted between 
one portion and the other. But to measure 
power in the ship, no shipowner or ship- 
builder, or Lloyd’s, would think of cutting 
the shaft ; so that you have to measure the 
power being transmitted through the whole 
length of shaft. In the B.S.R.A. we tackled 
this problem and our findings were published 
in a paper read by Mr. R. Cook to the 
Institute of Marine Engineers. We began 
with all the types of torsionmeter available 
and had to conclude that the way to proceed 
was to measure. the actual torsion in the 
shaft. We developed torsionmeters for that 
purpose and used that which seemed to have 
the greatest promise. We tested that par- 
ticular torsionmeter on test trials from 
power derived from a diesel engine and 
transmitted to a shaft and the torsionmeter 
was placed to a brake which measured with 
the accuracy Dr. Brown has measured. We 
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had -acceleration and deceleration through 
the test shaft and the torsionmeter was 
correct to about +2 per cent, provided that 
the stresses and strains in the shaft were 
sufficient. 

Assuming that a torsionmeter is giving an 
accuracy of 4 per cent, you have still to 
calibrate the shafting. But the shipbuilder 
has to put his ships to sea and it is difficult 
to persuade him to hold things up to calibrate 
the shafting. There is the problem of the 
modulus of rigidity, and I am not satisfied that 
in our original finding in adopting a figure of 
11-95 million, we were right to about 4 per 
cent. I believe that we know far less about the 
properties of mild steel than about alloy 
steels, and it is conceivable, with the forging 
that has gone into it, that the modulus of 
rigidity may not be 11-95 million. Unless 
you cut the shaft and measure the real torque 
through the cut portion, you have to proceed 
on the lines I have indicated. We have 
studied shaft losses and are endeavouring to 
get some figures for those losses, which 
appear to be about 3 per cent. 

Sir Maurice E. Denny : I think it is worth 
saying that the torsionmeter devised by the 
late Mr. Yates was, in essence, tried by my 
firm about forty years ago. We measured a 
long length of shaft and used part of an 
electric coil, and the impulses were led to an 
ear microphone. When the apparatus was at 
zero and there was no torque we received 
what sounded like a single tick, and displace- 
ment of one of the magnets meant that we 
received a double tick. By a suitable micro- 
metric adjustment we could bring it back to 
one tick and measure the amount of adjust- 
ment necessary to do that. 

A difficulty was to fasten the points on to 
a ship’s structure, which is elastic. We found 
that rolling or pitching or vibration or a 
change in the loading of the ship would 
affect the structure and that no longer were 
the two points in the same identical relation 
as when the apparatus was at zero. Ulti- 
mately we had to admit failure because we 
could not get over that difficulty. I shall 
be greatly interested if Dr. Brown will tell us 
how he proposes to get over it. 

Dr. Brown, replying said: Mr. Yearling 
suggested that to have a torsionmeter of an 
accuracy of +2 per cent on ship trials was 
better than in his experience. My paper is an 
attempt to show some possible lines on which 
to improve that figure. 

Reference was made to measurements on a 
long length of shaft and to the idea that my 
late colleague, Mr. Yates, introduced. You 
can zero the instrument easily because, 
instead of being actuated by a toothed wheel 
you put in a coil for a second timing pulse, 
which represents a better frequency than you 
can get from the toothed wheel. You switch 
over to the calibration side of the instrument 
and put in the series of high frequencies, and 
if the zero has moved at all you will find it at 
once. With regard to fluctuations, the 
method of overcoming their effect is fairly 
easy. Instead of having only two _ per- 
manent magnets, you can put in a further 
pair and average out the results. You will 
then be able to take out the effects of tor- - 
sional oscillations which have occurred and 
of the bending and twisting of the ship by 
averaging the movement. The integrating 
power meter is, of course, the best of all for 
giving averages because it averages at any 
interval of time. 

I was interested in the further information 
on the Maihak torsionmeter given by Dr. 
van Manen. I think he gave away the diffi- 
culty about torsionmeters when he said the 
value of the results depended on the skill 
and experience of the operator. In scientific 
work of the order of accuracy we are trying 
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to do, that is one of the things we must 
eliminate if we are not to get back to working 
“* by guess and by God.” 

Mr. Silverleaf remarked on the improve- 
ments of torsionmeters and thrust meters 
for measuring results. We practically never 
measure thrust by capacitance gauges ; we 
had so many errors due to changes in dielec- 
trics, and I suggest he may be wandering into 
a scientific maze. He is using magnetic 
reluctance torsionmeters ; the only reason 
why he gets very high accuracy with these 
instruments is because they are on the small 
scale, whereas the paper attempts to deal with 
the measurement of high power. 


I agree with Dr. Livingston Smith. If you 
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have to measure power in a ship without 
providing a special shaft or a shaft with higher 
torque, or if you are not allowed to split them 
and interpose a transmission dynamometer, 
you are driven back to measuring twist in the 
shaft. If you are measuring twist in the shaft 
you have to use either a short length torsion- 
meter which can be moved from shaft to 
shaft, or you have to use a long length of 
shafting, which still has to be calibrated and 
may be more accurate because you have a 
large twist between the two measuring 
points. I have tried to indicate a method of 
eliminating the relative movement of these 
zeros over a long length by having a calibrat- 
ing signal. 


( To be continued ) 


Machine for Testing Dial Gauges’ 


By D. C. BARNES, A.M.I.Mech.E., and C. BARNETT 


The authors describe a continuous testing machine developed at the National 
Physical Laboratory to speed up the testing of dial gauges and to give a more 
detailed record of their errors. The dial gauge under test is mounted on the 
machine which subjects it to a rotational motion in the plane of its dial in a 
certain predetermined accurate relationship to a linear motion imparted simul- 


taneously to the indicator plunger. 


By virtue of the relationship between the 


rotational and linear motions, they compensate each other and the indicating 
pointer remains stationary providing the dial gauge mechanism has no errors. 
If errors are present, they are shown by movements of the indicating pointer, and 
the magnitude of the errors may be observed by relation to two fixed reference lines. 


a mechanism of the majority of dial gauges 
consists of a rack mounted on the measuring 
plunger, engaging a train of gears which rotates 
the indicating pointer. The necessary amplified 
movement of the indicating pointer in relation 
to the movement of the measuring plunger is 
obtained by suitable selection of the number and 
sizes of the gears in the train. The accuracy of 
measurement of this type of dial gauge is limited, 
due mainly to the presence of inaccuracies in 
the rack, pinions and gears. For example, a 
slight pitch error or burr on the teeth of the 
rack or its meshing pinion will be magnified by 
the mechanism itself to produce a false reading 
of the plunger movement. 

The British Standards Institution has prepared 
a standard (B.S. 907 : 1954) for dial gauges laying 
down permissible indicated errors for actual 
plunger movements. The usual method of testing 
a dial gauge to this standard is to impart known 
displacements to the measuring plunger by means 
of a micrometer or slip gauges and to observe 
the error of reading of the indicating pointer 
relative to the nominal scale reading. To test 
a dial gauge by this method is a laborious pro- 
cedure and, because measurements are made at 
intervals only of the plunger movement, serious 
errors between the chosen intervals may pass 
undetected. 

The test may be speeded up considerably and 
a more detailed record of the errors obtained, by 
means of a continuous testing machine, developed 
at the National Physical Laboratory, which 
operates in the following manner. The dial 
gauge under test is mounted on the machine 
and the latter subjects it to a rotational motion 
in the plane of its didl in a certain predetermined 
accurate relationship to a linear motion imparted 
simultaneously to the indicator plunger. By 
virtue of the relationship between the rotational 
and linear motions, they compensate each other 
and the indicating pointer remains stationary in 
relation to the fixed parts of the machine, pro- 
viding the dial gauge mechanism has no errors. 
If errors are present, they are shown by move- 
ments of the indicating pointer, and the magni- 
tude of the errors may be observed by relation 
to two fixed reference lines. 


DESCRIPTION 


Fig. 2 shows the machine with a dial gauge 
mounted ready for test, and Fig. 1 shows dia- 
grammatically the construction of the machine. 

The essential elements are a rotatable table A, 

* Communication from the National Physical Laboratory. 





on which the dial gauge under test is mounted, 
and a plunger B operated by a wedge assembly C. 
The linear movement of the plunger B, which 
governs the movement of the plunger of the dial 
gauge, is controlled directly by the rotation of 
table A. By suitable gearing it is arranged that 
for any given rotation of table A (and, con- 
sequently, the dial gauge) from an initial position, 
the plunger B moves the correct amount to bring 
the indicating pointer of a perfect dial gauge 
back to its initial position relative to the fixed 
parts of the machine. Any errors in the dial 
gauge mechanism consequently appear as a 
departure of the indicating pointer from its 
initial position. As this applies to any given 
rotation of table A, it will be appreciated that if 
table A is continuously rotated the errors of the 
dial gauge will be represented by a continuous 
fluctuation of the pointer from its initial position. 

The dial gauge under test is mounted on table 
A with the axis of rotation of its indicating 
pointer co-axial with that of table A. This is 
facilitated by means of the arm D which has a 
sighting hole or peg in its free end co-axial 
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Dial Gauge Under Test 





Driving Gear 


Fig. 2—Dial gauge in position in testing machine 


with the axis of rotation of table A. (If large 
numbers of similar dial gauges are to be tested, 
the arm D can be replaced by a positioning 
jig suited to the particular type of dial gauge.) 
The table A is carried on a vertical shaft FE which 
can rotate in ball bearings mounted co-axially 
in a fixed gear F and base plate G. The shaft F. 
and hence the table and dial gauge, is driven 
through gearing by the hand wheel shown to the 
right in Fig. 2. 

The plunger B is moved by a transverse motion 
of the wedge assembly C, which is rigidly fixed 
to a special nut H driven by a hardened ground 
lead screw J mounted in bearings K. The bearings 
K are attached to table A and aligned so that the 
motion of the nut H, and hence the wedge 
assembly C, is perpendicular to the axis of the 
plunger B. The inclined surface of the wedge 
assembly is formed by the flat lapped contact 
face of the hardened steel plate L. Two hardened 
steel balls pressed into recesses in the opposite 
face of this plate rest on two piles of slip gauges, 
The slip gauges are held against a hardened flat 
face on the nut lapped to be parallel with the 
lead-screw axis. By adjusting the difference in 
lengths of these piles of slip gauges the contact 
face of L may be set to the appropriate angle. For 
example, in the case of a dial gauge that has a 
plunger movement of y inches to correspond with 
one rotation of the indicating pointer, the wedge 
incline will need to displace the plunger by the 
amount y, whilst the wedge is traversed a distance 
z, which is determined from the constants of the 
machine. Hence, the angle of inclination « of the 
wedge can be found from tan «= y/z, and the slip 
gauge length difference d from d= x sin a, where x 
is the distance between the ball centres. The 
lead screw J is driven by the pinion M, which 


Axis of Rotation of 
~ Dial Gauge 
Slip Gauges for 
Setting Wedge 
Incline 


Fig. 1—Diagrammatic layout of dial gauge testing machine 
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with the fixed gear F. When table A 
; rotated, the gear F drives pinion M, which, in 
urn through lead screw J, drives the nut H and 
edge assembly C. This: movement of the wedge 
sembly C, causes the plunger B to ride up the 
edge and impart a linear movement to the dial 
vauge Plunger which is directly proportional 
the amount through which the table is rotated. 
The hardened and lapped thrust plates N, 
tted to the bearings K, limit end play of the 
ad screw. In consequence the table A may be 
otated in either direction without introducing 
nd thrust errors and thus the dial gauge may be 
ested by either gradually depressing or releasing 
ts plunger. apne ; 
In practice, the dial gauge is initially set at its 
vero reading approximately by an appropriate 
noice of plunger B, the length of which varies 
,ccording to the design of dial gauge. By means 
of screw O, which rotates nut H on its lead screw 
und so displaces plunger B by small amounts, 
he dial gauge is then set to read zero. A pair 
of rotatable transparent discs P, on each of which 
» radial line is marked, are mounted on the arm 
1D so that they are co-axial with the sighting hole 
ot peg. The lines are set one on each side of 
he zero position of the dial gauge pointer, and 
provide the limits between which the pointer 
may move for any particular number of revolu- 
ions of the dial gauge. The position of these 
imiting lines is determined from the graduated 
scale of the dial gauge and varies in accordance 
ith the sensitivity of the dial gauge and the 
imits laid down in B.S. 907 : 1954. The 
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particular machine described has a_ gear 
ratio of 1 : 5 between the fixed gear F and pinion 
M and a lead-screw pitch of 0-050in (1:27mm) ; 
thus the distance travelled by the nut and wedge 
assembly per revolution of the table A is 0-250in 
(6:35mm). 

An important feature of the machine is the 
way in which the effect of errors in spacing of 
the teeth of the fixed gear F and pinion M is 
reduced to a negligible amount by the combined 
mechanical advantages of the lead screw and 
wedge incline. Similarly, the effect of pitch 
errors in the lead-screw thread is reduced to a 
negligible amount by the mechanical advantage 
of the wedge incline. Also, the more sensitive 
the dial gauge to be tested, i.e. the greater its 
amplification of movement, the less the wedge 
will require to be inclined, having the effect of 
reducing even further the effect of pitch errors 
in the fixed gear, pinion and leadscrew which 
might otherwise be interpreted as inaccuracies 
in the dial gauge mechanism under test. 

In the machine described here dial gauge 
errors are detected visually, but the design lends 
itself to the fitting of an automatic charting 
device which would provide valuable assistance 
to the dial gauge manufacturer, as by analysing 
the charted record it is possible to trace back 
probable sources of error in the mechanism. 

The authors desire to acknowledge the assist- 
ance rendered by Mr. J. Wilson, who constructed 
the machine. The work described above was 
carried out as part of the research programme of 
the National Physical Laboratory. 


Wembley Park Track Rearrangement 
and Signalling 


HE rearrangement of London Transport 

tracks at Wembley Park to eliminate conges- 
tion has now been completed, and separate tracks 
are now provided for the Metropolitan fast, 
Metropolitan local and Bakerloo services north 
of the station. 

The scheme has involved reducing the capacity 
of the adjacent carriage sheds, widening 300 
yards of embankment, constructing a new double- 
line span bridge and providing a_ half-mile 
length of new double track, together with 
realignment of some of the original tracks and 
alterations to connections, signalling, and power 
cables. The first part of the work was com- 
pleted by the end of June, when the bringing 
into commission of the new bridge span and the 
half-mile of new track enabled the three south- 
bound services to be provided with separate 
tracks to a point south of the station. 

The final stage has involved the conversion 
and reconnection of the former southbound 
Bakerloo track for exclusive use by the north- 
bound Bakerloo service. The track vacated is 
now being used solely by northbound Metro- 
politan local trains, so avoiding the necessity for 
two northbound services to share a common 
track between Wembley Park Station and the 
Stanmore Line junction. The rearrangement has 
eliminated the ‘* bottleneck ”’ whereby a delay 
‘0 one service was transferred to another, and 
it has also permitted a slight acceleration for a 
number of Metropolitan trains. 

The scheme required two new tracks to be 
laid on new embankments and formation from 
the Stanmore Line junction to Wembley Park 
Station, a distance of 2100ft. These two new 
tracks were coupled to the two Metropolitan 
tracks north of the junction and to the existing 
tracks through Nos. 5 and 6 platforms at Wemb- 
ley Park. Alterations to existing tracks south 
of Wembley Park enabled the two tracks to 
Converge with a new fast-running junction some 
600ft south of the station, whence both services 
Proceed (as hitherto) non-stop to Finchley Road 
on the one track. This permitted the previous 
Southbound fast to be used independently by the 
Bakerloo southbound service and the previous 
—" local to become the northbound 

etloo. 

To allow the new tracks to be laid it was 


























necessary to widen the bridge over Forty Avenue 
and also to reduce the capacity of the car sheds 
from seven tracks to five. Consequently the 
car shed fan had to be redesigned, which involved 
the complete renewal of the existing layout and 
its connection to the southbound Metropolitan 
fast line. 

The scheme also provided for the removal of 
much of the junction work which existed in the 
old layout ; altogether, one slip diamond, one 
scissors crossover, nine single crossovers and 
three turnouts have been removed to secure the 
simplification of layout and reduction of main- 
tenance which the laying of the additional tracks 
has made possible. The permanent way work 





Push-button control desk and track circuit diagram 
in Wembley signal cabin 
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was programmed in four stages, with two major 
change-overs. 

The rearrangement of tracks demanded exten- 
sive alterations to the signalling installation. 
The new layout is operated from a push-button 
control desk in a new control room in the signal 
cabin. This desk, which can be seen in the 
accompanying illustration, has forty-seven push 
buttons for the control of the whole of the 
signalling. This installation, to London Trans- 
port’s own design, follows the lines of the pro- 
totype push-button installation provided at 
Ealing Broadway on the District and Central 
Lines in 1952. The layout of the control desk 
has been arranged so that it can be operated by 
one signalman. 

Push buttons are provided for each route and 
each button when pressed operates the points and 
signals for the particular route, with a facility for 
preselection. The buttons are self-restoring. As 
one operation of the push button is all that is 
necessary for one particular train movement, one 
signalman can easily deal with the three services 
to be handled. 

The installation employs the power-operated 
lever system in which the control circuits are 
entirely segregated from the safety signalling 
circuits. With the simplified track layout, the 
power frame has been reduced from ninety-five 
to fifty-nine levers, mechanically interlocked and 
provided with operating cylinders for remote 
control, a portion of the old power frame being 
reused. The control circuits between the push- 
button and operating cylinders are entirely 
separate in every respect from the signal control 
circuits, the only connection between the two 
being the mechanical movement of the lever. 

The push-buttons are made of “ Perspex ”’ 
and act as visual indicators. By an arrangement 
of three coloured lamps below it, each button 
can be illuminated in either red, yellow or green ; 
when the route is at danger the buttons are red. 
When a button is pressed to select a route its 
colour changes to yellow and when the route is 
set and the signals cleared, the colour changes 
to green and so remains until the signal has been 
replaced to danger by the passage of the train, 
when it reverts to red. The buttons are provided 
with two movements, one being a “ press” 
movement for normal operation and the other 
a “ pull’? movement provided for emergency 
use if the signalman should require to replace a 
signal to danger after a route has been set. 

The system of preselection permits the signal- 
man, after setting up a route, to press a button 
at once for a second train movement. Immedi- 
ately the first train has passed through its route, 
the points will be operated for the second route 
and the signals cleared without further effort on 
the part of the signalman. Instead of having to 
wait for the clearing of fouling track circuits 
and then to make several lever movements as 
quickly as possible to deal with the next train, 
the signalman can decide with deliberation what 
the next movement shall be and operate his 
buttons in advance. 

Four keys—one for each running road—are 
provided for automatic operation of the running 
signals. When these keys are depressed, the 
running signals on that road operate auto- 
matically and are controlled entirely by the 
passage of the trains. 

Telephones are arranged to be operated by 
microphone and loudspeaker, and the signalman 
has both hands free whilst carrying on a tele- 
phone conversation. On receiving an incoming 
telephone call, the signalman has merely to 
depress a telephone key in the panel on the left- 
hand side of the desk and speak into a micro- 
phone. He hears the conversation from the 
distant caller through a loudspeaker. 

The push-button control desk and the sig- 
nalling equipment were manufactured by the 
Westinghouse Brake and Signal Company, Ltd., 
the whole of the system being devised, developed 
and installed by the staff of London Transport. 





FLOATING Dock AT GOTAVERKEN.—A floating dock 
with a lifting capacity of 28,000 tons and capable of 
accommodating tankers of up to 45,000 tons deadweight 
was opened recently by the Swedish Minister of Com- 
merce, Mr. John Ericsson, at the Gétaverken shipyard, 
Sweden. The new dock, which has been built by Boel 
and Sons, of Belgium, to Gd6taverken’s designs, is 
claimed to be the largest in Scandinavia. It has a length 
of 713ft, an outside breadth of 133ft, inside breadth of 
100ft, and a maximum draught of 53ft, while the maxi- 
mum water depth over the keel-blocks is 30ft. 





Tramp Metal Detector 


THE use of magnetic extractors to remove 
tramp iron, and so protect equipment such as 
crushers and attritors, is well known, but in an 
increasing number of cases the tramp metal 
consists of non-magnetic steels or non-ferrous 
metals. Metal Detection, Ltd., Moseley Street, 
Birmingham, 12, has developed electronic equip- 
ment for the detection of non-ferrous metals 
for use in mining and quarry installations, 
and this has been in operation for a number of 








Search coil unit of tramp metal detector 


years. As shown in the illustrations, it consists 
essentially of a control cabinet and a search coil 
unit, the latter being a system of two mutually 
perpendicular coils, each of a single turn of 
heavy gauge copper tube. The coils are arranged 
so that one lies under the conveyor or chute 
carrying the material to be inspected, while the 
other completely surrounds the conveyor. This 
arrangement may be varied for particular cases, 
but the majority of heavy-duty installations are in 
this form. The coils are rigidly supported by 
side plates, which in turn are mounted on a 
heavy bed-plate fabricated from two channel 
sections and steel plate. In order to facilitate 
installation, one side plate can be removed and 
the coil unit positioned without having to cut the 
belt. The whole unit is mounted on shock 
absorbers and for a 36in conveyor weighs about 
500 Ib. 

The control cabinet houses the electronic appara- 
tus and power supply, together with testing con- 
trols and the final relay. It consists of a sheet steel 
case hinged to a mounting panel, to give access 
to the rear of the vertically mounted chassis for 
maintenance. The front panel is also hinged to 
provide access to the valves and to the control 
and metering unit, and is completely sealed to 
prevent the ingress of dust or moisture. By 
means of the control and metering unit the 
operation of all the valves can be checked very 
quickly, when required. 

In operation an oscillator in the control 
cabinet sets up a _ high-frequency _ electro- 
magnetic field in the coil unit, and with no metal 
in the field the system is adjusted mechanically 
and electrically to give zero signal. When a 
piece of metal passes through the search coil the 
field is disturbed, and the resultant signal ampli- 
fied to operate a control relay, causing the belt 


Tramp metal detector control unit 
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to stop or automatically deflecting the metal to 
waste. In addition, it may operate a signal 
lamp situated remotely from the control unit, a 
warning horn, or a marking device to indicate 
the location of the metal on the belt. 

Where the system is arranged to remove the 
metal automatically, the detector can be made to 
reset automatically after a suitable time delay or, 
alternatively, it can be arranged for manual 
resetting by means of a push button. 

It is stated that the equipment is very stable, 
owing to the use of single-turn coils, which 
minimise the effect of vibrations and the use of a 
compensating stage in the control unit. In 
addition, the power supply unit is stabilised 
against variations in supply voltage. Sensitivity 
depends on the type and size of the material, 
the width of the conveyor, and similar factors. 
In materials such as phosphate rock or lime- 
stone, which have no effect on the detector, very 
small pieces can be detected. 





Drip-Feed Gas Carburising Process 


WHEREAS with pack carburising, conditions 
have to be kept carefully under control to avoid 
the formation of a hyper-eutectoid case, gas 
carburisation can be carried out at increased 
speed by using a higher temperature to obtain 
a hyper-eutectoid case which is subsequently 
diffused into the steel to give the required 
eutectoid structure. In this connection a variety 


Drip-feed gas carburising furnaces with container for carburising liquid on 


the left 


of methods exist for obtaining the carburising 
atmosphere, a convenient one being the prepara- 
tion of town’s gas by removing decarburising 
components such as carbon dioxide, oxygen and 
water vapour (and any excess of sulphur which, 
particularly attacks nickel chromium steels). 
An alternative to the use of town’s gas or natural 
gas is to vaporise a suitable mixture of organic 
liquids in the furnace itself (the so-called drip- 
feed method). Wild-Barfield, Ltd., Watford, 
Herts, has recently introduced a carburising 
liquid under the trade name of “ Carbodrip,” 
which, it is claimed, gives an atmosphere essenti- 
ally the same as prepared town’s gas, with the 
development and application of which this firm 
has been concerned for many years. In conse- 
quence, and owing to the fact that no soot is 
produced to stop the surface, the cases obtained 
under similar conditions are the same as those 
from town’s gas. The plant is shown in the 
accompanying photograph and consists of an 
electric furnace (centre) equipped with a heat- 
resisting steel muffle which contains a forced 
circulation fan and a tank for the liquid {on the 
left). The articles to be carburised are placed 
on jigs into the furnace and the lid is clamped 
in position. Carburising liquid is admitted 
through flexible tubing from the container, 
which is under 5 1b per square inch air pressure. 
The amount passing can be seen from the 
“ Rotameter ” flow meter above the container. 
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Since no soot is formed, the quantity js gy 
critical, but for economic reasons it is kept . 
aminimum. Excess gas escapes from the furnace 
through the pipe on the right and is burned 
The ‘ Carbodrip ” process is stated to require 
much less floor space and to be cheapx; to instal 
than a corresponding town’s gas piant, This 
constitutes an advantage to the snvller ye, 
while the cost of the liquid is thougi:t to make 
the running costs somewhat higher th.in those of 
a corresponding town’s gas installatio:. 





Iron and Steel Institute Meetings 


THE autumn general meeting of the Iron ang 
Steel Institute is to be held at 4, Grosyeno 
Gardens, London, S.W.1, on Wednesday ang 
Thursday, November 17th and 18th. It vil 
begin at 9.45 a.m. on November 17th, whe 
after the formal business, the following ty, 
papers will be discussed : “* The Future of Stee 
Melting,” by Mr. M. W. Thring, and “ Th 
Problem of Rupture of the Billet in the Cop. 
tinuous Casting of Steel,” by Mr. J. Savage an 
Mr. W. H. Pritchard. At the afternoon session 
at 2.30 p.m., the papers for joint discussion are: 
“The Effect of Cold Work on the Gamm. 
Alpha Transformation in some _Iron-Nickel. 
Chromium Alloys,” by Mr. B. Cina; “4 
Critical Investigation into the Ageing of Milk 
Steel Strip after Temper Rolling,’ by Mr, B. 
Jones and Mr. R. A. Owen-Barnett ; “ Accek. 
rated Strain-Ageing 0 
Mild Steel,”’ and “Elin. 
nation of Stretcher 
Strains in Mild Steel 
Pressings,’’ by Mr. B, 
B. Hundy, and “ Yield. 
Stress Strain Curves and 
Values of Mean Yield 
Stress ‘of some Com. 
monly Rolled Mater. 
jals,” by Mr. R. B. 
Sims. On _ Thursday, 
November 18th, at 
sessions beginning at 10 
a.m. and 2.30 p.m., the 
papers to be discussed 
are : “* An Investigation 
of Reheating Furnace 
Design and Perform- 
ance,” by Mr. F. A 
Gray and Mr. §. H. 
Brooks; “Internal 
Temperature _ Distribu- 
tion in the Cooling and 
Reheating of Steel In- 
gots,” by Mr. R. J. 
Sargant and Mr. M. 
R. Slack ; “* The Length 
of Oil and Gas Flames 
—Extension of Free 
Flame Relationships to 
Practical Conditions,’ by Mr. A. L. Cude; 
““ Measurement and Influence of Preheat in 
the Open-Hearth Furnace,’ by Mr. W. P. 
Cashmore, and “* Fatigue Tests on Rolled Alloy 
Steels made in Electric and Open-Hearth 
Furnaces,” by Mr. P. H. Frith. 

Next week, at 4, Grosvenor Gardens, S.W.1, 
the Iron and Steel Institute is holding a joint 
meeting with the National Forgemasters’ Asso- 
ciation and the Chambre Syndicale de la Grosse 
Forge Francaise. This meeting will begin a 
9.45 a.m. on Tuesday, October 12th, and there 
will be an afternoon session on the same day at 
2.45 p.m. It will conclude with a morning 
session on October 13th, beginning at 9.45 a.m. 


— 
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Gas TurBINE TECHNOLOGY.—A course of ten weekly 
lectures on “‘ Gas Turbine Technology ”’ is to be given § 
at the South-East London Technical College, Mechanical 
Engineering Department, Lewisham Way, London, | 
S.E.4, by Mr. Roy C. Orford, patents manager of Power | 
Jets (Research and Development), Ltd. The lectures, 
which will be delivered on Tuesday evenings, beginning 
October 12th, will deal with the historical development 
of gas turbines ; cycle arrangements, open and closed, 
inverted exhaust-heated, compound ;_ theoretical con 
sideration of gas turbine cycle thermodynamics ; desigt 
and construction of main components ; applicability 
of gas turbine plant for aircraft and industrial purpos¢s, 
and inspection of sectioned gas turbine engines. 
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Combustion and Radiation Charac- 
teristics of Oil and Coke-Oven Gas 
Jet Flames 


By Professor M. W. THRING, M.A.* 


This paper formed one of the contributions to 
the Conference on Open-Hearth Flames and Out- 
put recently held by the West of Scotland Iron 
‘nd Steel Institute. Fuel consumption in melting 
can be reduced by increasing the bath coverage by 
the flame or the flame emissivity ; the melting 
time will be reduced by the same means if the roof 
temperature is not already at the maximum 
safe value all the time. There is an optimum 
flame length for each stage of melting. The 
experiments at Ijmuiden have shown how the 

length for a given fuel input can be controlled 
by varying the jet momentum or using twin burners, 
and how the flame emissivity depends on the type 
of fuel, particularly the C/H ratio. Coke-oven 
gas gives a non-luminous flame, although there are 
possibilities of making it luminous by preheating 
the fuel. 


WHAT ARE THE DESIRED CHARACTERISTICS FOR 
AN OPEN-HEARTH FURNACE FLAME ? 


DurinG the melting period the function of the 
flame in an open-hearth furnace is to bring the 
metal and slag as rapidly as possible to the 
melting point and supply the latent heat of 
fusion. The fuel input must be as great as 
possible without melting the roof. This, how- 
ever, leaves certain other characteristics of the 
fame to be controlled at whatever value will 
give the fastest rate of heat input and the smallest 
fuel consumption for complete melting. The 
most important of these other characteristics are : 

The length of the flame—that is, the distance 
along the furnace before combustion is complete. 

The heat transfer coefficient between the flame 
and the charge, which depends mainly on the 
flame emissivity and the thermal resistance of 
the slag and any other material between the flame 
and the unmelted part of the charge. 

The extent to which the flame covers the bath. 

The position of the flame in the furnace. 

If there were no limitation on the roof tem- 
perature nor on the rate of air supply to the 
furnace, then it could be said at once that the 
best flame would be one with the highest possible 
heat transfer coefficient of the charge consistent 
with very rapid combustion—that is, a very 
short flame, while there would be an optimum 
fuel input rate very much higher than that set 
by the present limitation of roof temperature, 
governed by the fact that above a certain fuel 
input rate the thermal efficiency begins to fall 
off. Where, however, there is a roof limit and a 
tendency for shortening the flame to result in a 
reduction of the heat transfer coefficient, it is 
not possible to say immediately what is the best 
flame length, while the considerations of fuel 
economy become inconsistent with those of 
melting rate in their requirements as to the flame 
emissivity. It is, therefore, necessary to construct 
a model to calculate quantitatively what is the 
best flame. Such a model has been gradually 


developed in a series of papers,f and the final 


one gives close agreement with the melting 
times, roof temperatures and maximum fuel 
input rates which are observed. In this model 
the flame is regarded as a laminar wedge spread 
over the surface of the bath from a point at one 
end to half the width of the furnace at the other 
end, and having emissivities ranging from unity 


| to those which would correspond to the non- 


luminous radiation of the products of combus- 
tion. Having obtained a model that agrees well 
with observed furnaces, it is then possible to 
use it to draw conclusions. The model shows 
in the first instance that the thermal resistance 
between the surface of the metal or slag and the 
unmelted material cannot on the average through 
the melting period be greater than that corre- 
sponding to lin of solid steel, otherwise the roof 
temperatures would be much higher than they 
are observed to be with the known fuel input 
rates. This shows, first, that the slag must be 
very well stirred, either by the flame or by the 
Passage of metal particles through it, for the 
heat transfer rates to be as high as they are 
Observed to be, and, secondly, that if the slag 


* Of the University of Sheffield. 
t See bibliography. 
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ceases to be stirred and its thermal resistance 
rises to a value anything like that which one 
would expect 4in of oxide material to have, then 
the fuel input rate must be enormously reduced 
to avoid overheating the roof, and the melting 
time will be greatly prolonged. 

Comparisons of different flames, long and 
short and with high and low emissivity, with 
this model show that by far the highest efficiencies 
and so the lowest fuel consumption per ton of 
steel melted, are obtained with a flame which is 
short, but has a maintained high emissivity 
after combustion is complete. When, however, 
the roof temperature is the main limitation on 
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establish clearly the benefits to be obtained if 
the flame emissivity or bath coverage can be 
increased and if flame length can be controlled. 

The remainder of the paper is devoted 
to a survey of the present state of knowledge 
as to how to do this. 


EXPERIMENTAL STUDY OF LARGE-SCALE 
TURBULENT JET DIFFUSION FLAMES 


The oil or coke-oven gas flame in an open- 
hearth furnace has one great advantage for 
experimental purposes, in that the energy for 
mixing the fuel and air is all supplied by the fuel 
jet.. This means that an essentially similar flame 

can be obtained if a fuel 
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jet of the same energy 

is blown down the axis 
of arefractory-lined box 
or tunnel. The only 
difference in this instance 
, is that the impingement 
of the flame on the 
charge is not simulated 
and the recirculation 
pattern is not identical. 
The main processes of 
7 mixing, combustion, 
soot formation, heat 
liberation and radiation 
will, however, have the 
same relationship to 








each other, and there- 
fore the results may 





(b) 





readily be applied to the 
open hearth. For this 
reason the most intensive 
| studies of flames com- 
| parable with the open- 
hearth flame, but which 
can be varied freely at 
the control of the ex- 
perimenters, have been 
carried out in such a 
brick-lined tunnel, built 
in the Royal Dutch Steel- 
works at Ijmuiden. 
| Two kinds of traverse 
have been carried out. In 
the performance trials 
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trolling the flame have 
been systematically alt- 
ered, and a few simple 
measurements taken of 
| the properties of the 
: flame governing its heat 
y exchange with its sur- 
roundings. As _ finally 
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surements have con- 
sisted of : 

vertical traverse 
narrow-angle 
total radiation pyro- 
meter of the radiation 
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(a) Combustion mechanism trials : temperature contours in 


(b) Combustion mechanism trials : concentration contours. 
(c) Combustion mechanism trials : velocity contours. 


Fig. 1 


the fuel input rate, the highest output is obtained 
with a flame with a high emissivity all along at a 
rather higher fuel input rate. Increasing the 
flame emissivity and increasing the bath coverage 
by the flame are to a large extent comparable 
in their effect, as one would expect, since they 
both increase the extent to which the flame blocks 
direct radiation from the roof to the charge. 

The most important conclusion from the 
calculations is, therefore, that with the actual 
figures used in real open-hearth furnaces there 
is a very definite advantage to be’ obtained in 
reducing fuel consumption by increasing the 
flame emissivity or the bath coverage by the 
flame. If the furnace is not already running at 
a maximum safe temperature all the time during 
melting, there will be an advantage also to the 
melting time arising if the emissivity or bath 
coverage can be increased. The optimum flame 
length at all times is that which gives a roof 
pyrometer reading the same at the ingoing 
and outgoingends. These calculations, therefore, 


6 7 8 from the flame at various 
distances along it with 
a cold target behind the 
flame. 

The same traverse 
with the instrument 
sighted through the 
flame on to the hot 
brickwork at the other side of the furnace. 

The measurement of the steady state running 
temperature of the brickwork. 

From the first two of these measurements 
it is possible to deduce the mean radiant tem- 
perature on a line drawn through the flame, and 
the mean overall emissivity of the flame on this 
line, while the last measurement gives in effect 
the integrated radiation from the whole flame 
and brickwork opposite on to the wall, since 
the conduction of heat through the wall is very 
small relative to the gross radiation falling on it. 
From this measurement it is, therefore, possible 
to calculate the rate at which heat would be 
transferred to a body at any temperature placed 
on the side of the furnace, provided the flame 
was in surroundings with the same total absorp- 
tion of heat as it in fact has. 

The second class of trial is called a combustion 
mechanism trial. It aims at giving complete 
information as to what is happening at every 
point in the flame. For one or two typical 





i 
I 
» 
' 
! 
: 
’ 
] 
; 


500 


flames measurements are made by means of 
probes inserted into the flame at various points 
on a horizontal plane through the axis of the 
flame, the flame being assumed to be axially 
symmetrical. The measurements have consisted 
of temperature measurements by means of a 
suction pyrometer, gas composition and soot 
concentration by a water-cooled sampling probe, 
velocity by a Pitot tube, and radiation from a 
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Fig. 2—Experimental measurements of concentrations 
of nozzle fluid along the axis of a jet in a square tunnel 


small section of the flame by means of a special 
probe with a water-cooled target 4in from the 
end, in which is housed a total radiation 
pyrometer. 

Fig. 1 shows the lines of equal temperature 
and of equal velocity calculated from the measure- 
ments in an oil flame in the first combustion 
mechanism trial. This trial showed how in the 
early part of the flame there is a high-velocity 
core consisting primarily of excess fuel sur- 
rounded by a high-temperature region of more 
or less fully burnt gases, surrounded again by 
air that has not yet been mixed into the flame. 
Later on the fully burnt region comes across 
the axis, so that even the high-velocity material 
on the axis is burnt, and as at the same time the 
jet is spreading the region of fully burnt material 
becomes wider and wider. At the end of the 
furnace there is a fairly uniform concentration 
corresponding to the complete mixture of the 
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fuel and air inserted together with any false air 
that has leaked into the furnace. The combustion 
mechanism trial showed that the luminosity 
disappears fairly soon after the stoichiometric 
ratio is reached on the axis of the flame. 

In discussing the results of the trials, it is, 
therefore, convenient to discuss first the factors 
governing the length of the flame—that is, the 
distance from the burner mouth to the point 
where the fuel on the axis of the flame is fully 
burnt, and, secondly, to discuss flame temperature 
and emissivity in terms of the first and second 
half of the total flame length. The. first half 
of the flame length covers the region where the 
flame is narrow, spreading from almost a point 
at the burner mouth as a fine cone. In this 
region the flame consists largely of a central 
core of unburnt fuel which is being heated up 
by radiation from the violently burning sheath 
around it where air is beginning to be mixed with 
the fuel. The radiation observed with a narrow- 
angle instrument from the flame is a maximum 
in this region, because of the high temperature 
generated in the radiant sheath and the fact 
that the flame is almost perfectly black. The 
radiation received by the wall, however, rises 
steadily along the furnace and is considerably 
greater from the second half of the flame, where 
the emissivity is already beginning to fall off as 
the soot particles are consumed, but the dimen- 
sions of the radiating zone are considerably 
greater and it spreads to a point much nearer 
the wall. 


FACTORS GOVERNING FLAME LENGTH 


The first performance trial at Ijmuiden showed 
that the distance along the furnace to the point 
where the luminous emissivity disappeared was 
governed primarily by the ratio of atomising 
agent to liquid fuel. This confirmed the expecta- 
tion that the flame length in this type of flame 
depends primarily on the distance required to 
draw the stoichiometric quantity of air on to the 
axis of the flame, since this distance must depend 
on the amount of energy available in the fuel 
jet to entrain the necessary amount of air. A 
detailed investigation of the factors governing 
entrainment in such systems was, therefore, 
made. In the case of a free jet, in which a jet of 
cold air is entraining air from an infinite stagnant 
surrounding atmosphere, it has been shown 
experimentally* that 


m=m(0-40x/dq—-1) . . . (I) 


where m is the mass of the mixture flowing at a 
given distance x from the nozzle, d, is the diameter 
of the nozzle radius r, and m, is the mass of the 
fuel stream flowing out of the nozzle per unit time. 

When the material leaving the nozzle has a 
different density from the surrounding fluid 
and there is a change of density due to combus- 
tion, it can be shown! that the free jet will entrain 
at a rate given by (1) provided that d, is replaced 
by the diameter d’, of the equivalent nozzle, 
through which the same quantity of nozzle 
fluid would have flowed with the same jet 
momentum, but having the density of the final 
fully burnt mixture. Thus, for a gaseous fuel, 
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d’o=V pol pyddo os 2 « « (3 
where e,=density of fuel in nozzle, er densi 
of hot combustion products. For oil " 

d'5=2molV nGopy . . . , 
G, is the jet momentum flux. 

Thus, for a free jet in the fully turbulen, 
condition the flame length depends only op the 
equivalent nozzle diameter and the StOichip. 
metric fuel: air ratio. With an enclosed ; 
such as in the Ijmuiden furnace or in an actig 
open-hearth furnace, the main effect of the 
enclosure is to reduce the amount of air that js 
available for entrainment, the further entraip. 
ment requirements of the jet being made Up by 
recirculated material. Thus, if there is 109 Per 
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Fig. 5—Effect of carbon: hydrogen ratio in fuel 
flame emissivity and radiation 


cent excess air the flame length will be much 
the same as it would be for a free jet, but jf 
there is very little excess air and the nozzle is 
small in relation to the furnace cross section 
(d/2L=r,/L small), it will be greatly increased, 
as indicated by Fig. 2. Fig. 2 shows the value 
of the reciprocal of the concentration C,, along 
the axis of the jet observed in a cold model, 
in which d,/2L=0-0277. The values are reduced 
by multiplying them by d’,/2L=r’,/L and the 
distance x is expressed in terms of L, the half 
side of the square cross section of the furnace, 
because the effect of the walls depends on 1 
and not on r,. The distance to reach a given 
theoretical combustion concentration Cp ina 
geometrically similar tunnel, but with any value 
of the ratio of equivalent nozzle diameter d’, to 
L can be derived from Fig. 2 by reading the 
intercept of the curve corresponding to the 
value [(im,-+-m,)/m,}ro/L, where m, is the mass 
rate of air actually supplied, with the ordinate 
corresponding to (1/C7)(r’,/L). For an actual 
system such as an open-hearth furnace wher 
the walls interfere with the flame, it is not possible 
to deduce the exact flame length from Fig. 2, 
but it is necessary to work with a model in which 
the nozzle diameter can be chosen arbitrarily, 
provided the parameter for the air : fuel ratio 
satisfies the condition, 


[to/(mo+ ma)\(L/ro) model 
=V Gop’ L|(ma+mz,) hot system . (4) 
where L is a characteristic length in each instance, 
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Fig. 3—A comparison of the effect on flame emissivity of using different 
proportions of liquid fuel in place of coke-oven gas in three trials. ll 
curves are for heavy fuel oil except the.two marked ‘“‘pitch creosote.”’ 
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Fig. 4—Flame emissivity along the flame for various 
percentages of_oil.and pitch creosote. Ijmuiden per- 
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is the mass flow rate of the stream representing 
fuel-steam mixture, m, the mass flow rate 
ifthe total surrounding air stream. , 

This similarity theory was compared with the 
measurement Of the gas composition on the axis 
f the flame in the first combustion mechanism 













































Irbuley, fMrial, and it was shown that the cold ‘model 
ON the riments did give reasonable prediction of 
toichio. Ilbhe flame length in this case, apart from a small 
sed jet Mnexplained difference in the width of the flame. 
1 actual gt can, therefore, be concluded that for a free 
Of the Mamet the distance xp along the axis to the point 
that ; where the time mean mass concentration of 
“train. [Mpozzle fluid is equal to the theoretical combustion 
: Up by fMoncentration C7 is given by 
100 per Xp=5-+3d'o/Cp « 
7 For oil with alb of steam per pound of oil 
4x9°5 lb steam per gallon of oil) = 
lo C’p=(1+a)/(15+a) . (() 
or coke-oven gas 
409 C'p= 1/13. (7) 
> [Biror a jet in a large chamber, but with limited 
198 Be vcess air this distance can be derived from 
: ig. 2. 
7" ‘Subsequent trials, particularly the burner 
| trials, have confirmed that the primary factors 
06 voverning the flame length are the jet momentum 
divided by the square of the fuel input rate, 
05 [evhich is proportional to the reciprocal of the 
quare of the nozzle diameter, and the proportion 
— of excess air. 
THE FLAME EMISSIVITY 
The Effect of Fuel——During different per- 
much formance trials at Ijmuiden, heavy fuel oil 
but if B(c/H=8-5), pitch creosote (C/H=14-8), a 
ze is Might creosote oil (C/H=10-6), a gas oil 
ner (C/H=6°3), and coke-oven gas have been 
Cased, x ‘None 
vig eT TF FG 6d 
mt ad a= —— High momentum 
~~ ~sS 
ve 7 a AN —-— Low momentum 
a 0-8} —— ate 
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oot tle an as NS 
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given 2 06 \ ~~ 
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Value Se 
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ig the 
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dinate 2 185 26) 337 412487 
_ ae Ta sac! Te a 
on Slot Numbers 
ig. 2, | Fig. 6—Effect of jet momentum on emissivity for five 
which burners (December and January trials) 
arily, FF studied. These fuels have not been compared in 
Tallo J exactly the same trials, but by making use of the 
fact that one standard fuel has been used in all 
the trials, it is possible to make some direct 
(4) comparisons, and Fig. 5 shows the narrow-angle 
pea radiation and emissivity at right angles to the 
’ F axis of the flame at about Sft from the burner 
tip, which is just about where the peak narrow- 
angle radiation occurs—that is, in the first half 
of the flame. Fig. 3 shows at the same point 
h the emissivity and narrow-angle radiation for a 
ote range of mixtures of fuel oil and pitch creosote 
| | with coke-oven gas. In the second half of the 
flame, however, the emissivity steadily falis, and 
pi by the time combustion is complete all the flames 
| have about the same emissivity of 0-3, which is 
a the value corresponding to the non-luminous 
| constituents (Fig. .4). 
= The Effect of Flame Length on Emissivity. — 
Z Fig. 6 shows in the second series of performance 
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trials the very great effect that changing the 
jet momentum for a constant fuel input rate 
has on the flame emissivity. Since for a constant 
rate of fuel input increasing the jet momentum 
(Which is obtained with liquid fuels by increasing 
the amount of atomising agent, and with gaseous 
fuels by projecting the gas at a much higher 
Pressure with a'smaller nozzle) means the reduc- 
tion in the flame length and still more reduction 
in the time taken by the fuel before it is mixed 
with a stoichiometric amount of air, it is clear 
that very rapid mixing reduces the time for soot 
formation. This effect has been confirmed by 
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all the trials and is quite clearly marked ; in 
particular in one trial, where the air was brought 
in at a high velocity close around the. burner, 
the luminous emissivity of the flame almost 
completely disappeared, showing the effect of 
still more rapid mixing. 

The Effect of Type of Atomising Agent.—The 
first performance trial,* the second performance 
trial’? and the first combustion mechanism trial 
have all shown that the use of steam instead 
of air as the atomising agent reduces the 
peak radiant temperature in the early part of 
the flame, and the two later trials have also 
shown that the steam reduces the peak emissivity 
in the early part of the flame. In the later part 
of the flame, however, there is no difference 
between the effects of the two atomising agents, 
as would be expected, since the actual proportion 
of atomising agent to the total air is very small. 

The Effect of Fuel Preheat on Flame Emissivity. 
—For coke-oven gas and liquid fuels of low 
carbon : hydrogen ratio there does not appear 
to be much possibility of obtaining a high 
luminous emissivity unless the flame is treated 
in some special way. Some preliminary work has 
indicated that with coke-oven gas it is possible 
to obtain a reasonably luminous flame, if the 
gas can be preheated to a temperature of the 
order of 1000 deg. Cent. or more for a reasonably 
long time. Another possibility is to have a 
partial combustion zone previous to the main 
heating chamber, where the gas is burnt with a 
small proportion of air before it has a chance to 
mix with the main quantity of air. In this 
instance, however, the problem is how to get 
sufficient velocity of the stream when it enters 
the main furnace. If a small proportion of first 
air were supplied at very high pressure like the 
atomising agent to an oil burner, it might be 
possible to achieve this. 


FLAME TEMPERATURE 


The trials have shown that the temperature of 
the flame in the actively burning sheath in the 
early part is determined primarily by the available 
heat and the heat capacity of the mixture of fuel 
atomising agent and air at this point. This is 
why the use of steam as an atomising agent gives 
significantly lower temperatures than the use of 
air. The use of preheated combustion air, and 
still more of a preheated fuel stream, will also 
serve to increase the temperature in this region. 
At the tail of the flame, however, the temperature 
depends not only on the adiabatic comoustion 
temperature corresponding to the total heat 
release and the proportion of fuel and air supplied 
(thus the trial shows it to be very sensitive to the 
secondary air), but also on the total amount of 
heat lost by the flame on reaching this point. 
Thus, it is strongly dependent on the thermal 
resistance of the heat sink and on the emissivity 
of the flame in the early part, as well as on the 
flame length itself, since the longer the flame the 
more area there is for the flame to cool itself 
during combustion. Preheating the air will 
obviously greatly. increase the temperature at 
the tail of the flame while increasing the fuel 
supply rate will have the same effect as increasing 
the thermal resistance at the heat sink, since it 
reduces the fraction of the fuel energy that can 
be radiated before combustion is complete. 


FLAME POSITION AND FLAME SHAPE 


The trials at Ijmuiden have not been directly 
related to these factors, but the work that is 
going on in parallel on models of the open- 
hearth furnace shows that the degree of impinge- 
ment of the flame on the bath which effects 
penetration is primarily governed by the jet 
momentum and the angle between the jet and 
the bath, while the bath coverage cannot be 
greatly increased except by going from single to 
twin burners, with the burners widely separated 
and appropriately aligned. 

CONCLUSIONS 


Fig. 7 gives a graphical summary of the effects 
of the various input variables on the flame 
characteristics. The present state of knowledge 
can be summarised by saying that we know how 
to control the length of the flames of liquid fuels 
by varying the atomising agent: oil ratio and 
the pressure of the atomising agent, and by 
improving the efficiency with which the burner 
converts the atomising agent pressure into 
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energy. The length of coke-oven gas flames can 
be controlled by varying the pressure of the 
coke-oven gas, and with it the diameter of the 
nozzle. Much greater reduction in flame length 
can be obtained by going from one burner to two. 

The easiest way to obtain a flame with a high 
emissivity is by using a fuel with a very high 
carbon : hydrogen ratio. With flames of the 
size used in the open-hearth furnace about 40 per 
cent of pitch creosote can be replaced by coke- 
oven gas without appreciable loss of emissivity, 
while about 30 per cent of heavy fuel oil can be 
similarly replaced. Going further down the 
scale, the emissivity comes half way from that 
of the liquid fuel to that of coke-oven gas when 
the proportion is about 20 per cent of liquid fuel. 

The only way to increase the bath coverage 
by the flame is to change from single to twin 
burners. There is one major outstanding point 
which is as yet unexplained, and this is why 
the increase of jet momentum shows a marked 
reduction in emissivity and total radiation on the 
flame at Ijmuiden corresponding to the shortening 
of the flame, while an increase in steam : oil 
ratio at any rate during the charging period has 
shown a material improvement in furnace output 
on at least two open-hearth furnaces. The most 
probable explanations are that the higher steam: 
oil ratio gives a more rapid rate of oxidation of the 
charge, resulting in a more rapid chemical heat 
release; and, secondly, that the increased velocity 
of the jet gives a greater penetration of the scrap, 
resulting in greater heat transfer, whether by 
radiation or convection, throughout the scrap 
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diffusion flames, found at Ijmuiden and Stockholm 


It is also possible that the greater jet momentum 
results in a more active stirring of the slag, and 
hence a reduction in the resistance coefficient. 

The possibility that preheat such as is used in 
the open-hearth furnace would reverse the effect 
of jet momentum on flame radiation also exists, 
since the more rapid combustion resulting from 
higher jet momentum should give a higher flame ° 
temperature in the early part, and with the higher 
temperatures of the open-hearth furnace this 
might more than offset the reduced emissivity 
when it does not do so in the Ijmuiden furnace. 

There is no evidence at the moment that the 
other explanation that has been put forward, 
namely, that there is an abnormally high convec- 
tion coefficient that enables convection to swamp 
radiation, and, therefore, reverse the effect of 
jet momentum on the overall heat transfer 
coefficient, can hold. Further investigations on 
this point are actively proceeding. 
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Two-Stand Tandem Wire Flattening 
( By Our American Editor ) 
The recent installation of a high-speed, two-stand tandem rolling mill by a large 
American manufacturer of zip fasteners is representative of the current trend in the 
United States towards the production of close-tolerance narrow strip by “ wire- 


flattening’ rather than by slitting from wider strip. The two stands of the mill 
described have rolls 6in diameter by 4in wide and are each driven by 15 h.p. d.c. 


motors. 


Steplessly variable speed, wire tension control and mill synchronisation 


are obtained by an electronic regulator and there is a traversing take-up reel for 
layer winding the finished material into spools. 


™ growing demand in the United States 
for narrow strip materials held to thickness 
and width tolerances as close as plus and minus 
0-000lin has led to new applications of the wire 
flattening process, with rolling mill equipment 
being installed either at the metal producer's 
works or often at the very factory of the ultimate 
strip consumer. Manufacturers of such precision 
products as hair springs, slide fasteners, resistance 
elements, suspension ribbons and vacuum valve 
components are realising that flattened wire 
stock offers many advantages compared with 
ribbon stock slit from wide strip : for example, 
closer thickness and width tolerances ; improved 
edge shape ; reduced strip camber ; smoother 
surface finish and availability of both traverse- 
wound spools and pancake-wound coils. 

The wire flattening process is to-day being 
used in America in both the ferrous and non- 
ferrous industries for the production of strip 
generally ranging in thickness from 0-00lin to 
#;in and in width from !/,4in to #in. Sections in 
excess of this width range are usually produced 
more economically by slitting wide strip. In 
wire flattening, as in strip rolling, the percentage 
reduction in thickness determines the temper 
and, hence, the physical properties of the ultimate 
strip. To obtain the harder tempers of flat wire 
it may be necessary to draw the annealed round 
wire raw material through one or more dies 
prior to feeding into the flattening mill. On the 
other hand, if a relatively soft temper is required 
in the finished flat wire product, the stock often 
has to be annealed between passes through the 
flattening mill. 

The closeness of the thickness and width 
tolerances obtainable from modern wire flatten- 
ing mills is believed to be the major reason for 
their growing popularity in the United States. 
Thus, on 0-040in by tin cold rolled stainless 
steel strip, for example, the standard thickness 
tolerance is plus and minus 0-002in. However, 
flat wire of the same analysis is being produced 
with a standard thickness tolerance of only 
plus and minus 0-00lin and can readily be held 
to plus and minus 0-0005in. Similarly, com- 
mercial American width tolerances on strip of 
the above size are plus and minus 0-00S5in, 
while flat wire is being held to plus and minus 
0-003in and closer. The great and consistent 
accuracy of the flattened wire is facilitated 
mainly by the inherent precision of the modern 
wire flattening mills and by the ready availability 
of close-tolerance starting round wire sizes. 
Thanks to the general use of tungsten carbide 
and diamond drawing dies, it is now possible 
for the operator of a wire flattening mill to 
obtain so-called “ Special” or ‘“* Restricted ”’ 
grades of round wires drawn to the following 
size tolerances standardised by the American 
Iron and Steel Institute :— 


Wire diameter Tolerances—plus or 


minus, inches 


0-0759 to 0-0348 
0-0270 to 0-0150 
0-0150 100-0060. 8... 

The quality of such round wire stock compares 
favourably with that obtainable in re-roll strip 
materials and forms an excellent basis for the 
manufacture of close-tolerance tape or ribbon 
stock. 

The majority of wire flattening mills built in 
America to-day are two or three-stand, two- 
high units having roll diameters of 4in to 10in 
and speeds between 500ft and 2000ft per minute. 


In the case of three-stand mills, it is common 
practice to take the major reduction of the 
stock in the first stand, a somewhat smaller 
reduction in the second stand and a final slight 
size adjustment only in the third stand. Probably 
the outstanding points in the construction of the 
up-to-date wire flattening mill are the use of : 
(a) multiple mill stands mounted in tandem ; 
(5) universal spindle roll drives ; (c) anti-friction 
roll neck bearings ; (d) micrometer adjustment 
worm gear screwdowns ; (e) internally water 
cooled rolls; (f) rolls faced wth cemented 
tungsten carbide rings; (g) vertical edgers 
between mill stands ; (A) adjustable-lay travers- 
ing take-up reels ; (i) high and steplessly variable 
rolling speeds; and (j) electronic controls 
synchronising the mill stands. 


THE TANDEM MILL 


The early, slow method of feeding wire in 
successive passes through one and the same 
mill stand is to-day considered uneconomical, 
except for certain small-run specialty work. 
Greatly improved productivity has been obtained 
by mounting and operating two or more mill 
stands in tandem, using d.c. Ward-Leonard 
drive to maintain mill synchronisation, stepless 
speed adjustment, controlled acceleration and 
deceleration and maintaining tensions constant 
at whatever value selected. 

A two-stand tandem wire flattening mill, 
which may be considered representative of 
current American design in this field, is illus- 
trated in Fig. 1. It was designed and built by 
the Stanat Manufacturing Company, of Long 
Island City, New York, and recently went into 
operation at the Flushing Works of Serval Slide 
Fasteners, Incorporated. It is being used in the 
flattening of carbon steel, aluminium and copper- 
base alloy wires up to jin diameter at speeds 
up to 600ft per minute. 

A fabricated steel plate base encloses all 
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piping and wiring appertaining to the mijj and 
carries all the individual mill elements, thy 
ensuring perfect alignment. The round 

is uncoiled from a pay-off reel which 
equipped with an adjustable friction brake ot 
electrical means of generating a <lrag 

As illustrated in Fig. 2, an idler roller, 
ener and an oiler is mounted at the entry g, 
of the first mill stand, with the wire Picking yp 
the rolling lubricant as it passes through the 
oiler. In cases of the commercially a 
round wire lacking the close diameter tolerances 
needed for the production of precision flat Wire, 
it is possible to mount a drawing dic Within the 
oiler attachment ahead of the first mill stang 
In this manner, the round wire is given a slight 
sizing pass prior to entering the initial flatten; 
pass. If it is desired to submit the round wip 
to a somewhat heavier draw, a capstan unit may 
be mounted between the die and the first mij 
stand in order to obtain sufficient’ drawing py, 
Such an arrangement, however, requires a gy 
of synchronising dancer rolls to be m 
between the capstan and the first mill stang 
After having been flattened in passing betwee 
the 6in diameter by 4in face width rolls of th 
first stand, the wire threads around the two fixe 
and one floating pulleys of the dancer roll stanj 
and then reaches the second mill stand. | 
accordance with usual practice, the wire pass; 
between the vertical rolls of an edging stan 
before entering the 6in diameter by 4in fag 
width rolls of the second mill stand. On leaving 
the final stand, the resulting flat wire size may bk 
checked by a hand micrometer or a continuoy 
visual indication of wire thickness and width 
may be obtained by letting the stock pass between 
the gauging rollers of a set of “ flying micro 
meters.” Finally, the flat wire is spooled ona 


y/ 


traversing take-up reel under conditions of 


adjustable tension and adjustable lay. 


ROLL Drive 


Each stand obtains its drive from a motor 
mounted in and completely enclosed by it 
fabricated steel base. The double reduction 
gearing between the motor and the mill pinion 


comprises a first stage of silent chain transmission J 


and a second stage of spur gearing. Both th 
intermediate countershaft and the pinion gean 
turn on tapered roller bearings. The mil 
pinions are ‘ Sykes”* continuous cut-toott 
herringbone gears made of hardened allo 
steel. They are splash-lubricated and run ina 
one-piece pinion stand housing. Alloy sted 
spindles are used to connect the mill piniow 
and the rolls. They employ heavy duty universd 
joints designed to provide an even, uniform rol 
rotation. A relatively long centre distance 
between the two universal joints on each of tle 


( a) ; 
; an ¢ 
tj . = 
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Fig. 1—Two-stand tandem wire flattening mill 











Fig. 2—Roller straightener and oiler at entry side of first 
mill stand 


spindles helps to reduce the angularity of the drive. 
The roll neck bearing assembly employs a 
combination of needle roller bearings to take 
vertical loads with ball bearings to take horizontal 
thrust loads. On the 6in diameter mill, the 
34in bore by 34in wide roll neck bearings used 
have a load capacity of 45,000 lb each, based on a 
roll speed of 500 r.p.m. Such a capacity has 
been found to be more than ample to cope with 
the relatively light separating forces which occur 
"bP in wire flattening. An advantage of needle 
* roller bearings as compared with tapered roller 
| bearings in this particular application is their 
small radial space requirement which allows a 
relatively large roll neck diameter to be main- 
tained. All bearing chocks are sealed and pro- 
tected against the entrance of foreign particles 
and moisture by spring-loaded synthetic rubber 
seals. The bearing housings are vented to the 
‘atmosphere to prevent any undue internal 
pressure building up. The chocks are free to 
slide vertically in the windows of the closed-top 
mill housing and are restrained horizontally by 
means of gibs mounted on the housing faces. 

To allow thickness tolerances to be maintained, 
the stands of a wire flattening mill were fitted 
with an accurate and easily adjustable screw- 
down mechanism : using a forged and hardened 
alloy steel screw of eight threads per inch and a 
worm gear ratio of 20:1, a single revolution 
of the handwheel corresponds to only about 
0:006in of vertical screw down movement. 
The handwheel micrometer dial is graduated in 
ten-thousandths of an inch to facilitate accurate 
pass control. The horizontal shaft connecting 


Fig. 4—Wire spool mounted on shaft of traversing 
take-up reel 
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the two totally enclosed screw down housings 
is fitted with a simple clutch device which allows 
the mill to be corrected readily for roll parallelism. 


ROLL MATERIALS 


It has been established that the successful 
operation of the modern high-speed wire flatten- 
ing mill greatly depends on the quality of the 
forged and hardened rolls or roll shells used. 
Recent research work by various makers of 
high alloy tool steels has led to roll materials 
having .a close-grained homogeneous structure 
and an extremely high surface hardness and 
abrasion resistance. While the conventional 
high-carbon, high-chromium steels can be heat- 
treated to obtain a surface hardness of Rockwell 
C-64, it is now possible to achieve surface 
hardnesses of Rockwell C-70, using molybdenum 
base high-speed steels of the 6-6-4-3 (W-Mo- 
Cr-V) analysis. Such a steel may be tempered 
to obtain a Rockwell C-65/66 surface hardness 
and subsequently nitrided to Rockwell C-70 
to yield a case of extremely hard and abrasion- 
resistant material. 

A relatively high hardness in the neighbour- 
hood of Rockwell C-62 is also maintained on 
the roll necks as, in the interest of space economy, 
roller bushings without inner races are used in 
the chocks. This method of running the roll 
necks directly in contact with the bearing rollers 
also results in greater concentricity of the rolls. 
This concentricity can be further improved by 
regrinding and polishing the rolls while running 
on their own necks instead of on the roll centres. 

An internal water circulating system applied 
to the rolls furnishes the wire flattening mill 
operator with an extremely fine means of gauge 
control. The rolls are bored and fitted with 
rotary unions and flexible hoses and these unions 
are equipped with self-aligning floating rotary 
seals and with pressure equalising chambers to 
reduce the pressure against the seals to a mini- 
mum. The unions, in turn, are connected to a 
circulating system arranged for either a heating 
or a cooling effect. It is thus possible to obtain 
very slight dimensional changes in the roll 
diameter by appropriate water temperatures and 
flow controls. In addition to internal cooling 
of the rolls, the mill may also be provided with 
an external cooling system comprising a coolant 
pump, filter, receiving tank, heat exchanger and 
spray nozzles. 

The introduction of cemented tungsten carbide 
rolls into the field of wire flattening has made 


possible greater reductions. at gréater speeds, 


closer size tolerances, ‘improved surface finish 
and longer service life between regrinds. With a 
modulus of elasticity as high as 95,000,000 Ib 
per square inch and a compressive strength of 
750,000 lb per square inch, tungsten carbide 
constitutes an exceedingly rigid and dense roll 
material. The general shape of the wire flattening 
mill rolls is unsuitable for solid tungsten carbide 
construction, and it is'now common practice in 


Fig. 3—Single-pass pull-through vertical edging unit at entry 


side of second mill stand 


America to employ a one-piece carbide sleeve 
press-fitted and keyed to an alloy steel roll arbor 
heat-treated to Rockwell C-55 to 60. The 
minimum wall thickness of such sleeves is gener- 
ally #in for 6in diameter rolls, and it is usual to 
position threaded steel collars on both sides of 
the sleeve. 

Experience has shown that the use of one or 
more vertical edging stands in a wire flattening 
line greatly facilitates maintaining close width 
tolerances in the finished strip. Furthermore, 
it helps to correct the convex strip edge which 
results from flattening round wire through 
horizontal stands only. Fig. 3 shows a simple 
single-pass pull-through, vertical edging unit 
mounted at the entry side of the second horizontal 
mill stand. With ample traction being provided 
by the mill stand, it is convenient to use idler 
rolls in the vertical edger on these smaller mills. 
The edging rolls are hardened and ground high 
alloy tool steel and have a number of grooves 
to suit the edges and stock sizes to be produced. 
The rolls run on tapered roller bearings and are 
easily exchangeable. Each roll is equipped 
with an individual screw down mechanism to set 
the desired degree of edge reduction and to 
obtain perfect alignment of the rolls relative to 


Fig. 5—Drive mechanism of traversing take-up reel 
employing a left hand/right hand traversing screw 
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Fig. 6—30 h.p motor-generator set and drive control panel for two-stand tandem wire flattening mill 


the path of the wire. To allow for easy threading 
of the wire at the start of a new coil, the edging 
units are equipped with a quick-acting cam 
release actuated by a hand lever. 


TAKE-UP REEL 


Much of the quality and appearance of the 
finished spool of flat wire leaving the mill 
depends on the action of the take-up reel. The 
importance of maintaining the wire in a straight 
line, free of any kinks, has led to the universal 
use in the United States of the traversing take-up 
reel. As shown in Fig. 4, spools are mounted 
on the take-up shaft which, in turn, is traversed 
in accordance with the lay desired while it recoils 
the wire. The take-up reel may have its own 
variable speed power drive or may be driven 
from the preceding mill stand by a chain or 
shaft transmission. In the latter case, the winding 
tension is varied by means of an adjustable 
friction clutch which, by virtue of its slipping 
action, effects synchronisation between the reel 
and the preceding mill stand. In this manner, 
the winding tension is kept reasonably constant 
over the comparatively small coil build-up ratios 
encountered in wire flattening. To produce a 
uniform lay across the entire width of the spool, 
the traversing take-up shaft must travel, as nearly 
as possible, at constant velocity. This motion 
is obtained either with the aid of heart-shaped 
cams or with left-hand/right-hand thread travers- 
ing screws. The drive mechanism of a take-up 
reel employing the latter method is shown in 
Fig. 5. 


MILL DRIVE 


The two-stand mill discussed here employs a 
30 h.p. drive made by the Reliance Electric and 
Engineering Company, of Cleveland, Ohio, 
which is shown in Fig. 6. It comprises a 30 h.p. 
motor-generator set operated from a 220V, 
three-phase, 60 c/s supply as well as the drive 
control panel. The power unit feeds two 15 h.p. 
adjustable-speed d.c. motors which, respectively, 
drive the No. 1 and No. 2 mill stands. This 
particular drive makes possible continuous-duty 
speed ranges up to 16:1. An 8:1 speed range 
below that of the basic full load speed of the 
drive motor is obtained by armature voltage 
variation. An additional speed range above the 
basic full load speed of the drive motor is 
obtained by a combination of voltage variation 
and weakening of the motor field. Voltage 
regulation is obtained by varying the generator 
field current through operation of the speed- 
setting rheostat. The current is supplied by an 
electronic exciter. 


Both mill stands are provided with manually 
operated vernier rheostats. When flattening 
the heavier sizes of wire, it is not necessary to 
rely on dancer rolls for the synchronisation of 
the mill. Instead, the Vernier rheostats on the 
two mill stands are set manually in accordance 
with the desired speeds and so as to balance the 
loads properly between No. 1 and No. 2 stands. 
It is standard practice to provide compound 
windings on the motors, which will allow them 
to share the load adequately and prevent wire 
breakage. The actual load imposed on a given 
motor will depend upon the individual setting 
of its field rheostat determining the tension 
between stands and upon the amount of reduc- 
tion being accomplished by the mill stand. 
Under normal steady operation, settings made 
by the manual rheostats will remain constant 
and any slight variations which occur will be 
made up or corrected by the wire-itself. 

In order to obtain a universal mill drive, a 
dancer roll has been provided to be used when 
flattening fine wire. A selector switch is mounted 
on the control panel, allowing the operator to 
select to operate with or without the dancer roll. 
When operating without the dancer roll, the 
manual field rheostats provide the necessary 
control. When dealing with fine wire, synchroni- 
sation between the No. 1 and No. 2 mill stands 
is obtained by the dancer roll mechanism. As 
the wire speeds generally will not exceed 600ft 
per minute, the dancer roll has been designed 
to operate a conventional wire-wound rheostat. 
However, when considerably higher mill speeds 
are anticipated, the travel of the dancer roll 
becomes great enough to present a serious 
mechanical problem. Therefore, in the case of 
high-speed applications, an electronic dancer 
roll control is provided, since its rate of response 
or its rate of correction is faster and, therefore, 
can be accomplished with a shorter mechanical 
displacement of the dancer roll itself. By virtue 
of its faster reaction time, the electronic dancer 
roll control does not require as great an amount 
of loop storage as a standard rheostat control. 
The electronic control unit comprises a two-coil, 
air-core, iron plunger reactor which is con- 
nected into a special phase-shift bridge circuit 
and which produces its full output with only a 
f;in movement of the core. 

The two-stand tandem wire flattening mill drive 
control incorporates the functions of “‘ Run,” 
“* Jog” (at a fraction of one eighth to one-third 
of the motor base speed), “‘ Stop ’* (with motors 
coasting to rest), ‘Emergency Stop” (with 
motors brought to rest by dynamic braking), 
“Controlled Acceleration and Deceleration” 


Oct. 8, 1954 


(with a timing range extending from two | 
twenty seconds), and ‘“ Manual-A utomatic® 
selection determining whether the manual Vernier 
rheostat or the automatic dancer rol! unit js ; 
control of the No. 2 stand drive motor field, 





Growth of the American Steel Industry 


SoME interesting facts regarding the recent 
growth of the American steel industry have been 
issued by the American Iron and Steel Institute 
and published in its new Directory of Iron ay 
Steel Works in the United States and Canay ¥ 
The industry in the United States consists of 255 
companies. They have 430 plants making ie 
or finishing iron or steel in 270 communitig 
in thirty-one states. The total area covered by 
the plants is estimated to be more than 80 squap 
miles. This does not include the raw materig 
properties or other facilities not directly involyej 
in production. About fifteen years ago th 
industry consisted of only 360 plants in twenty. 
seven states. In the short space of three yeay 
some of the industry’s finished steel produ 
capacities have been increased up to 40 per cen, 
The annual capacity for making finished hg 
rolled products is now over 96:6 million shor 
tons a year, against 84,000,000 short tons jy 
1951. The increases have been particular) 
large in the products that are widely used fy 
consumer goods. These products include shee 
and strip steel and tinplate. At the same tim 
the capacities for most other finished ste! 
products have also been increased. The increas 
in the three-year interval include: hot-rolle 
sheet and strip steel and coiled strip for tinplate 
26 per cent ; cold-rolled sheet and strip capacity 
42 per cent ; tin and terne plate capacity, 12 pe 
cent ; hot-rolled bars, other than concrete bar, 
18 per cent ; cold-finished bars, 27 per cent: 
pipe and tubing capacity, 14 per cent ; wire ro 
capacity, 10 per cent. The steel industry now 
includes ninety-six companies which make hot. 
rolled products. These companies operate in 
twenty-eight states. Pennsylvania, Ohio, Indian 
and Illinois are the leading states in hot-rolled 
capacity. Among the states that have advanced 
in rank in the past three years are New York, 
now in sixth place, and Texas, now in eleventh 
place. During the three-year interval, Pen- 
sylvania had the largest increase, followed by 
Ohio and Indiana. Among other changes, 
Texas is now the leading state in capacity fo § 
making electric weld pipe and Pennsylvania ha 
taken the lead from Ohio in buttweld pip 
capacity. 





American Shipbuilding Industry 


THE desperate position of the American ship- 
building industry continues as the amount 0 
ship construction in the private yards of th 
United States dropped by 100,000 deadweight 
tons in July. This fall was the result of 
the completion and delivery of four tanker, 
which dropped the yards’ order lists 1 
twenty ships, aggregating only 446,400 deai- 
weight tons. The report for July, as released 
by the Shipbuilders’ Council of America, said 
that-75 per cent of the ship construction remait- 
ing in the private shipyards comprised twelve 
tankers. The balance consists of four dry cargo 
ships, two ore carriers, one passenger-car ferry: 
boat, and one auxiliary cargo transport. Th 
report also carried the familiar “‘ no new cor 
tracts’? note, which has been present every 
month now for almost two years. The fou 
deliveries of July included the 29,000 deadweight! 
ton tankers “‘ Margarita” and ‘ Orion Planet, 
built for the Afran Tankers Company and 
Tankers Joint Venture, respectively. Both wert 
constructed by the Bethlehem Steel Company’ 
shipbuilding division. The ‘* Margarita” wa 
built at Quincy, Massachussets, and the “ Orion 
Planet’ at Sparrows Point, Maryland. Th 
other tankers were the “ Flying-A-Delaware, 
a 26,000-ton vessel, and the 16,000-ton “* Flying: 
A-California.”” Both were ordered by the Tid 
Water Associated Oil Company. The “ Delt: 
ware” was constructed by the Newport New§ 
Shipbuilding and Dry Dock Company, whilt 
Bethlehem built the “California” at \ 
Sparrows Point Yard. 
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| Industrial and Labour Notes 


Weekly Earnings of Manual Workers 


In these notes on September 10th reference 
was made to the preliminary results of a survey 
by the Ministry of Labour of the average weekly 
earnings in April last of manual workers in the 
manufacturing industries and certain non- 
manufacturing industries in this country. The 


Ministry has now published some fuller details 
} about the results of the survey. About 63,700 


establishments furnished returns, covering the 


| wages earned and the hours worked by approxi- 


mately 6,750,000 people in the last pay week in 
ril. 

ATG non-manufacturing industries included 
in the survey were mining and quarrying (exclud- 
ing coal), building and contracting, gas, electricity 
and water supply, transport and communications 
(excluding railways and London Transport 
services), and national and local government 
service. In all the industries, manufacturing and 
non-manufacturing, surveyed, the average weekly 
earnings at the end of April were: men, 
£9 17s. 8d.; youths and boys, £4 2s.; women, 
£5 5s. 3d., and girls, £3 Ss. 10d. Taking the 
manufacturing industries only, the average earn- 
ings in the week surveyed were : men, £10 5s. 2d. ; 
youths and boys, £4; women, £5 5s. 10d.; 
girls, £3 6s. 2d., the hours worked being 48-2, 
44:3, 42 and 42-7 hours respectively. In the 
manufacturing group classified as “* engineering, 
shipbuilding and electrical goods” the average 
weekly earnings were: men, £10 10s. 6d.; 
youths and boys, £3 18s. 8d.; women, £5 14s. 2d.; 
girls, £3 9s. 8d., the average hours worked being 
48-9, 44-3, 42:5 and 42-6 hours respectively. 
The survey has shown also that in the manufac- 
turing industries average weekly earnings between 
October, 1938, and April, 1954, increased by 189 
per cent for men, 209 per cent for youths and 
boys, 222 per cent for women, and 256 per cent 
for girls. The changes in the number of hours 
worked were relatively small. 


Industrial Production 


The central statistical office of the Treasury 
has stated that, provisionally, the index number 
of industrial production (1948=100) has been 
estimated at 116 for all industries in July, com- 
pared with 126 in June. Last year, for the corre- 
sponding months, the figures were 110 in July 
and 118 in June. The figure for June this year 
was affected by the Whitsun holiday and for 
June, 1953, by the Coronation holiday. In the 
manufacturing industries only, the index number 
for July has been put at 120, compared with 113 
a year earlier, and, in mining and quarrying, at 
89 as against 84 in July, 1953. The Treasury 
says that, on the basis of the information which 
it has so far received, the index for all industries 
in August is expected to be 112 or 113. In 
August last year it was 106. 


Britain’s Economic Position 


Several observations on current economic 
affairs were made by Viscount Bruce of 
Melbourne in the course of his chairman’s address 
at the annual meeting, on Thursday of last week, 
of the Finance Corporation for Industry, Ltd. 
He described the general atmosphere of this 
country as one of “‘ easy optimism,’ commenting 
that there had been a year of relative prosperity, 
with profits rising and stock exchanges booming. 
_In face of those conditions, Lord Bruce con- 
tinued, workers were naturally pressing for wage 


» icreases. But the question had to be asked, he 


Suggested, how far were events consistent with 
the objective to which all had paid lip service, 
namely, increased production at reduced cost ? 
It was true, Lord Bruce said, that over the whole 
field of British manufacturing industry produc- 
tion per person employed had increased at an 
average rate of about 3 per cent per annum over 
the last five years. Yet in the U.S.A. in the 
Same period the average rate of increase 
had been 34 per cent per annum, and in 
Western Germany the comparable figure for the 
five-year period had been 16 per cent per annum. 
Admittedly, Lord Bruce continued, the special 





conditions in Germany gave rise to abnormal 
increases in productivity in 1949-1951, but even 
the most recent figures, for 1952 and 1953, 
recorded increases of 44 per cent in each year. 
About costs, Lord Bruce said that, since the 
beginning of 1950, the average price of British 
exports of manufactured goods had risen by 
nearly one-quarter. Although the average price 
of manufactured goods exported by Western 
Germany had increased to a similar extent, the 
average prices of American exports of manufac- 
tured goods had risen by. about one-seventh 
only. This suggested that Britain’s export prices 
had again shown a tendency to get out of line 
with American prices. No one could feel, Lord 
Bruce asserted, that we were making satisfactory 
progress towards improving our. competitive 
position in the world’s markets by increased 
productivity and reduced costs. Lord Bruce 
went on to say that he believed over the past 
few years the British worker had become more 
production minded. That, he added, was a 
trend which must be continued and intensified. 
Increased capital equipment must also be pro- 
vided. Unless and until, Lord Bruce stated, we 
put our own internal house in order, and solved 
the fundamental problem of increasing produc- 
tivity and reducing costs, further steps towards 
convertibility would only add to our difficulties. 


Trade Disputes 


The Ministry of Labour has stated that there 
were 145 stoppages of work which began in 
August through industrial disputes in the 
United Kingdom. There were also in progress 
in the early part of the month six stoppages 
which began before August. In these 151 
stoppages, 24,400 workpeople were directly and 
indirectly involved during August and in the 
aggregate 82,000 working days were lost. Most 
of the stoppages occurred in the coal mining 
industry, where 27,000 working days were lost 
during August. 

The Ministry says that five of the disputes 
leading to stoppages of work in August were 
concerned with demands for wage increases and 
sixty related to other wage questions. Two 
disputes were over questions about working 
hours, twelve related to the employment of 
particular classes or persons, sixty were over other 
questions respecting working arrangements, and 
six disputes were on questions of trade union 
principle. 


Coal and Black Oils 


Last month the Secretariat of the United 
Nations Economic Commission for Europe 
published a study on “‘ The Relationship Between 
Coal and Black Oils in the West European Fuel 
Market.”’ Past trends in the consumption of 
solid fuels and black oils as used to provide 
Western Europe’s energy supplies are examined 
and also the future trends. It is considered in 
the study that energy requirements will increase 
during the next decade, and since atomic energy 
is unlikely to make a major contribution supplies 
of energy must be used rationally. Estimates of 
future supplies of hydro-electricity, natural gas, 
and black oils associated with assumed increases 
in efficiency and the production of energy 
indicate, according to the report, that the demand 
for coal will not decrease. To meet the situation 
co-ordinated fuel policies are recommended and 
also the encouragement of the expansion of dual 
firing, while the installation of additional crack- 
ing facilities at the oil refineries is suggested so 
as to provide greater flexibility of available 
products. 

Greater flexibility is also advocated in the 
coal industry by providing larger stocking 
facilities, underground development in times of 
low demand and, among other considerations, 
the economic development of the gasification of 
coals: The Secretariat’s study goes on to state 


that the position calls for a higher coal output 
and the sharing of the temporary burdens, due 
to fluctuations in demand, by both coal and oil 
industries by means of a co-ordinated fuel 


policy. This latter implies the variation of the 
proportion of white fuel and black oils produced 
by the refineries so that coal will not carry the 
main burden of temporary surpluses of energy. 
A table in the study shows the modest penetration 
of black oils into the general energy market, 
8 per cent in 1953, and another table gives the 
estimated availability of black oils in 1963 based 
on the years 1954 and 1952 and related to either 
a 40 per cent or 70 per cent increase in demand 
for white oils. A corresponding table sets out the 
estimated demand for coal in 1963 upon a similar 
basis, and there is also a revised table giving the 
possible demand for coal based on a different 
set of assumptions. According to the estimates 
given by the Secretariat, the hard coal require- 
ments range from nil to an increase of 6-9 per 
cent in the next decade or, according to the 
revised table, an increase ranging from 16-6 to 
25-7 per cent during the period 1953 to 1963. 
From the results of the study it is considered 
that a contraction in the demand for hard coal is 
improbable. 


Coal Production 


Last week saleable output of deep-mined 
coal in Great Britain amounted to 4,371,800 tons, 
and that from opencast sites was 209,400 tons, 
giving a total production for the week of 4,581,200 
tons, which was 47,000 tons more than the 
amount gained in the corresponding week of last 
year. In the first thirty-nine weeks of this year, 
ended last Saturday, coal production totalled 
166,349,100 tons, compared with 165,109,200 
tons in the corresponding period of last year. 
The amount of coal imported so far this year is 
1,443,300 tons, against 270,500 tons in the first 
thirty-eight weeks of last year. Total distributed 
stocks of coal on September 25th were 15,852,000 
tons, compared with 16,825,000 tons on Sep- 
tember 26, 1953. 


Electrical Accidents 


A report on electrical accidents and their 
causes has been issued this week by the factory 
department of the Ministry of Labour. It covers 
the year 1952 and is based on the work done by 
H.M. Electrical Inspectors of Factories. The 
report states that the total number of electrical 
accidents during the year was 721, of which 
thirty-eight were fatal, these figures being much 
the same as those recorded in the preceding year. 
The report goes on to make some comments on 
the general trends of electricity supply, saying 
that, in the year reviewed, the equipment of new 
generating stations appeared to be well up to the 
standard of safety required by the regulations. 
Several aspects of switchgear are considered in 
some detail in the report, the observation being 
made that with ring-main units a common fault 
is brought about by inadvertently operating the 
earthing switch with the cable alive; careful 
design of the interlocking arrangements, with 
unnecessary complication, is important. In the 
operation of switchgear, however, the report 
adds, it is not the design of the equipment which 
is usually the root cause of an accident, but 
carelessness and disregard of safety rules by 
supervising staff. It has therefore been necessary 
to ask for the procedures to be reviewed in the 
light of experience. In another section of the 
report it is pointed out that portable electrical 
apparatus at mains voltage has again been 
responsible for a high proportion of fatal and 
serious electrical accidents. It is plain, the report 
says, that a significant reduction in the number 
of such accidents can only be achieved if the 
factory occupier and the actual users of the 
apparatus exercise greater care. In outdoor 
or temporary electrical installations, it is, of 
course, important that the provisions against 
electric shock should be of the highest order, and 
the report reviews various safeguards to meet 
particular conditions. The recommendations 
which are set out in the report have been drawn 
up with the object of assisting contractors to 
develop a higher standard of safety than is 
normally encountered. 
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Notes and Memoranda 


Rail and Road 


BRIDGE ERECTED IN SIXTEEN Hours.—We are informed 
by British Insulated Callender’s Construction Company, 
Lid., that twenty-five territorials of New Zealand’s 
ist Field Squadron recently erected a 150ft length of 
Callender-Hamilton bridging in only sixteen hours to 
form a footbridge over the main line at Te Kuiti, New 
Zealand, about 100 miles south of Auckland. The 
bridge consists of two spans, one of 50ft and the other of 
100ft. The State Railways Department enlisted the aid 
of the territorials to assemble and erect the standard 
unit construction parts which had been imported from 
this country. The standard sections were assembled on 
site and the completed spans lifted into position by 
cranes. 


RAILWAY EXTENSION IN ONTARIO.—Following months 
of study and reconnaissance, the Canadian Pacific 
Railway is shortly to provide transport facilities for a 
new mining area in N.W. Ontario. A contract has been 
placed with the Caswell Construction Company of 
Kirkland Lake, Ontario, for the grading of a 40 mile 
branch from Struthers, on the main line 33 miles west 
of White River, north to Geco, a point north of Mani- 
touwadge Lake. It is stated that construction will begin 
immediately. In its order eos the location of the 
new branch line, the Board of Transport Commissioners 
for Canada pointed out that the Canadian Pacific Rail- 
way has authority, by virtue of its 1881 Charter of 
Incorporation, to construct branch lines of railway from 
time to time from any point on its main line west of 
Callander, Ontario. The new line will provide ready 
access to the Great Lakes and to the entire railway 
system of Canada and the United States for the base 
metals to be mined in this area. The line will also pro- 
vide necessary transport for other natural resources. 
The Manitouwadge area has been under close study for 
some time. Last December, engineers made an air and 
land reconnaissance, followed by a more detailed 
reconnaissance in March. By April, survey gangs were 
on the ground running the line north, and their work was 
completed in August. 


Air and Water 


SMALL SUBMARINE FOR ROYAL Navy.—The first of the 
new and improved small submarines is completed and 
was launched at the Barrow yard of Vickers-Armstrongs, 
Ltd., on October Ist. Designated “* X51,” the sub- 
marine has a length of about 54ft and is propelled by a 
Perkins diesel engine and electric machinery. 

SEAWARD DEFENCE BoaT.—The seaward defence boat 
H.M.S. “ Axford”? was launched on September 30th 
from the yard of William Simons and Co., Ltd., at 
Reafrew. The boat has an extreme length of 117ft 3in 
and a beam of 30ft, and is designed to detect and 
destroy submarines in the approaches to ports. 


CoRRECTION.—In our description of the Cunard liner 
“* Saxonia,”’ which appeared in our issue of September 
17th last, we inadvertently stated that the sounding 
machine was by Kelvin and Hughes (Marine), Ltd. We 
are informed that this item was provided and fitted by 
the Submarine Signal Company (London), Ltd., and 
consisted of the “ Subsig”’ combined indicating and 
recording equipments. 


LAUNCH OF H.M.S. “* PELLEW.’’—The anti-submarine 
frigate H.M.S. “* Pellew ’’ was launched from the yard of 
Swan, Hunter and Wigham Richardson, Ltd., on Septem- 
ber 29th. The ship, which has an extreme length of 310ft, 
a length between perpendiculars of 300ft and a beam of 
33ft, is powered by geared steam turbines built by the 
Wallsend Slipway and Engineering Company, Ltd. 
Three Bofors guns and two three-barrelled anti-sub- 
marine mortars form the armament. 


Miscellanea 

E.I.A. Lonpon DispLay.—The Engineering Industries 
Association is holding its seventh London Regional 
Display at the Royal Horticultural Society’s Hall, 
Greycoat Street, Westminster, S.W.1, on Tuesday, 
Wednesday and Thursday next, October 12th, 13th 
and 14th. More than 140 member firms of the Associa- 
tion will participate in the display and will show examples 
of their products. The display will be officially opened 
at 11.30 a.m. on Tuesday next by The Hon. Sir Thomas 
White, High Commissioner for the Commonwealth of 
Australia. 


ATomic PoweR TECHNICAL CONFERENCE.—A technical 
conference was held last week at the Atomic Energy 
Research Establishment, Harwell, between representa- 
tives of Atomic Energy of Canada, Ltd., and the United 
Kingdom Atomic Energy Authority. The Canadian 
delegation was headed by Mr. W. J. Bennett, president, 
and Mr. W. B. Lewis, vice-president (research and 
development) of Atomic Energy of Canada, Ltd. The 
British delegation was headed by Sir John Cockcroft 
and Sir Christopher Hinton. Similar technical con- 
ferences were held last year in Canada and in 1952 at 
Harwell under the Ministry of Supply. The principal 
subject for discussion last week was atomic power 
development. 


JUBILEE OF THE THERMIONIC VALVE.—In connection 
with the celebration of the jubilee of the invention of the 
thermionic valve by Sir Ambrose Fleming, on November 
16, 1904, a conversazione is to be held in the Electrical 
Engineering Department of University College, London. 
A plaque commemorating the occasion will be unveiled 
by the Lord President of the Council. In addition to 
exhibits and documents relating to Sir Ambrose Fleming’s 
work while Professor of Electrical Engineering at the 


College, examples of recent researches will be on view. 
Admission to the conversazione, which will extend over 
the three days November 16th, 17th and 18th, will be 
by invitation ticket only. A limited number of tickets 
for November 17th is available on application, and 
senior engineers or members of the radio industry who 
would like to visit the exhibition at the College, which 
will be open from 3 p.m. to 10 p.m., should apply to the 
Assistant Secretary, University College, Gower Street, 
London, W.C.1. 


ANNUAL LUNCHEON.—The Yorkshire Copper Works, 
Ltd., Leeds, last week held its annual luncheon at 
the Royal Festival Hall, London, after which two 
of the company’s instructional films were shown. 
** The Plumber’s Way,”’ a three-dimensional colour film, 
demonstrated the principle of the “ Yorkshire” 
capillary fitting, and showed the chief fitting operations 
and the general field of application of the system. The 
other film, called “‘ The Yorkshire Point of View,” also 
in colour, showed the manufacture of copper and non- 
ferrous alloy tubes and fittings and their application. 


MACHINING OF HARD MATERIALS.—On October 19th 
next, Mr. C. F. Brockelsby, of Mullard Research Labo- 
ratories, is giving a lecture entitled ‘“* Ultrasonic Machin- 
ing of Hard Materials ’’ to the London Graduate Section 
of the Institution of Production Engineers at 10, Chester- 
field Street, London, W.1. The lecture will begin 
with a brief survey of the historical background and 
principles of the ultrasonic method of machining. The 
present state of development of the technique and of 
the machines employing it will then be described and 
illustrated. The materials and operations to which it is 
applicable and the rate and accuracy of working will 

so be discus Demonstrations using the Mullard 
50W ultrasonic drill will be given. 


Zinc ALtoy Die CastTiING ExuiBition.—The Zinc 
Alloy Die Casters Association is holding an exhibition 
of zinc alloy pressure die castings at the Birmingham 
Exchange and Engineering Centre, Stephenson Place, 
Birmingham, from October 25th to 30th. It will be open 
each day from 9 a.m. to 5 p.m. The exhibition is designed 
to bring to the attention of the public the many products 
made by the ee die casting process. It will consist 
of over 200 different zinc alloy die castings made in the 
United Kingdom and will include one of the smallest 
castings produced, weighing approximately 1/100 oz. 
Examples of finishes obtainable on zinc alloy die castings 
will also be shown. The exhibition coincides with the 
International Pressure Die Casting Conference being 
held at Church House, London, from October 25th to 
October 28th. 


AN 8-10W A.C. AMPLIFIER.—A new audio amplifier, 
suitable for schools, hotels, small public halls, hospitals, 
factories, office paging systems, &c., has been introduced 
by The General Electric Company, Ltd. It is provided 
with two fader-connected inputs taking a low impedance 
microphone and a music signal, which can be either radio 
or gramophone. Provision is made for another music 
input if required. The equipment incorporates a bass 
attenuator control in the microphone stage to enable 
maximum clarity of speech reproduction to be obtained 
under various acoustic conditions; the microphone 
sensitivity is such that a low output microphone of the 
ribbon type will fully load the amplifier. ¢ maximum 
rated output of the amplifier is 9-5W and it will operate 
up to twenty loudspeakers, depending on the conditions. 
The output is obtained from two 50V secondary wind- 
ings which can be connected in parallel for 50V output 
and in series for 100V output. 


Personal and Business 


Mr. B. D. Tarr has been appointed a lecturer in cost 
and on ogee accountancy at Loughborough College 
of Technology. 

Mr. H. Leste NEwMAN has been appointed northern 
area representative of William G. Search, Ltd., Whitehall 
Road, Leeds, 12. 

JoHN Harris Toots, Ltd., Warwick, has opened a 
sales and stock office at 74, York Street, Glasgow, C.2 
(telephone, Central 3187). 

K.G.S. BEARING ComPANy, Ltd., Green Lane, Tetten- 
hall, Wolverhampton, states that it is now on the G.P.O. 
Telex service, the number being 33-214. 


GEORGE COHEN, SONS AND Co., Ltd., states that 
Mr. V. L. Hamilton has been appointed a director of its 
subsidiary, Henry Osman and Co., Ltd., Southampton. 


Mr. G. E. L. Comrik, district engineer for Scotland 
and N.E. England of Holophane, Ltd., has changed his 
address to 39, Telford Road, Edinburgh, 4 (telephone, 
Edinburgh 77741). 

Cox AND Danks, Ltd., Scapa House, Park Royal 
Road, London, N.W.10, announces the retirement, for 
health reasons, of Mr. G. Atkinson, chairman and 
managing director. 

COLONEL CyriL BANKS, director of N. G. Bailey and 
Co., Ltd., 30, City Road, London, E.C.1, has accepted 
an invitation to serve as adviser to the Egyptian Council 
of National Production. 

AVELING-BARFORD, Ltd., Invicta Works, Grantham, 
states that it has acquired a major financial interest in 
Goodwin-Barsby and Co., Ltd., Leicester. Each com- 
pany will continue to trade under its existing style. 


THe COUNCIL OF INDUSTRIAL DesIGN announces the 
appointment of Mr. Paul Reilly as deputy director in 
charge of the industrial division. Mr. Reilly has been the 
Council’s chief information officer since 1948. His 
successor in that position is Mr. J. Noel White. 


THE GENERAL ELECTRIC COMPANY, Ltd., States thy 
Mr. W. J. Bird has been appointed deputy siles 
of the company, in addition to his position ag Sal 
manager of the London and South England urea, 


ARPIC ENGINEERING, Ltd., Queenslie Estate, Gasp, 
E.3, states that Marsh Plant and Machinery Company’ 
Ltd., South Street, Emsworth, Hants, is the sole Agent 
for its products in Hampshire, Wiltshire and Dorset. 


METROPOLITAN-VICKERS ELECTRICAL Conipany, Lid. 
has announced the retirement from the board of Sit 
George E. Bailey, the chairman, and Sir Felix J. ¢ Pole 
the deputy-chairman. The Viscount Chandos, P.C. has 
been elected a director and chairman of the board, ” 


THE BOARD OF GOVERNORS OF THE COLLEG: OF 
AERONAUTICS has appointed Dr. J. A. J. Be 
F.R.Ae.S., to be Professor of Aerodynamics, in n 
to Professor A. D. Young, who has been appointed jy 
the Chair of Aeronautical Engineering at Queen Mary 
College, London University. 


JOHNSON AND PHILLIPS, Ltd., announces the retiremey, 
of Colonel G. G. Mallinson, M.I.E.E., from his positio, 
as manager of the Newcastle upon Tyne branch. 
will continue to serve the company as a consultay, 
Colonel Mallinson’s successor at the Newcastle brane) 
is Mr. A. C. Bryant, A.M.I.E.E. 


DoRMAN AND SMITH, Ltd., and its associated cop. 
panies, D. S. Plugs, Ltd., and British Klockner Switg. 
ear, Ltd., have moved their London office and expon 
ivision to 125, High Holborn, W.C.1  (telephon 
Chancery 6431). New stockrooms have been openg 
at 21, Little Russell Street, W.C.1. 


Tuos. W. Warp, Ltd., Sheffield, states that it hy 
purchased the entire share capital of Fredk. Tow 
and Sons, Ltd., Halifax. Mr. Harold Vernon, of Thos, 
W. Ward, Ltd., has been appointed chairman an 
managing director of Fredk. Town and Sons, Ltd. My 
Eric Town continues as a director and general manager, 


THE TELEGRAPH CONSTRUCTION AND MAINTENANG 
Company, Ltd., Greenwich, S.E.10, has opened a branch 
office and depot at 2, St. Nicholas Buildings, Newcast 
upon Tyne, 1, under the management of Mr. R. Fenwick, 
A London sales office has been opened at Norfolk House, 
St. James’s Square, S.W.1, under the management of Mr. 
A. W. Watkin. 


Mr. J. W. C. MILLIGAN has relinquished his position 
as managing director of Brush Electrical Engineering 
Company, Ltd., Loughborough. Mr. M. Tattersfield 
has assumed responsibility for the management of the 
company as director and gery manager. Mr. D. H. 
Smith has been appointed chief engineer of the trans- 
former division. 


DowDING AND MILLs, Ltd., Birmingham, states that 
Mr. Peter Hollings has been appointed London manager 
at the works at 24, White Post Lane, Hackney, E39. 
Mr. W. G. Smith has been appointed technical manager 
of the London works, Mr. W. L. Henderson continues 
as London sales manager, and Mr. R. P. F. Todd has 
been appointed an additional engineer representative. 


Mr. D. G. W. Acwortu, M.I.E.E., manager of the 
export department of The General Electric Company, 
Ltd., and a director of the Anglo-Argentine General 
Electric a, Ltd., has been appointed a director 
of each of the overseas companies of the G.E.C. in 
Australia, New Zealand, South Africa, Central Africa, 
— Pakistan, Burma, Malaya, Hong Kong and 

ada. 


BRIAN COLQUHOUN AND PARTNERS, 18, Upper Gros- 
venor Street, London, W.1, state that following the 
appointment of Mr. Brian H. Colquhoun, MICE, a 
engineering adviser to the International Bank for Recon- 
struction and Development, for a period of two years on 
secondment, three of the firm’s senior engineers have 
been taken into partnership, namely, Mr. W. J. Llewellyn, 
M.I.C.E., Mr. P. Mason, A.M.I.C.E., and Mr. A. U. 
Shiach, A.M.I.C.E. 


ASSOCIATED ELECTRICAL INDusTRIES, Ltd., announces 
the following appointments as from October IIth: 
Dr. I. R. Cox, group managing director of the A.El. 
overseas group ; r. C. Dannatt, group managing 
director of the Metropolitan-Vickers group of com- 
anies ; Mr. E. H. Ball, group managing director of the 
ritish Thomson-Houston group of companies ; Mr. 
A. N. E. McHaffie, group managing director of the 
Ediswan-Hotpoint group of companies; Mr. G. A. 
Cheetham, director of Metropolitan-Vickers Electrical 
Company, Ltd. ; Mr. D. Q. Holland, chief accountant, 
and Mr. B. W. Burnett, assistant secretary of A.E.I. 


Contracts 


Tue general building contract for the new cargo and 

assenger centre to be built at the Southampton Docks 
for the Union Castle Line’s South African mail service 
has been awarded by the British Transport Commission 
to Trollope and Colls, Ltd. 


MiLForD SounD, New Zealand’s isolated tourist 
resort, is to have a hydro-electric generating unit, 
turbine of which is being built by Gilbert Gilkes and 
Gordon, Ltd., of Kendal. It consists of a 635 b.h.p. 
Pelton wheel running at 750 r.p.m. on a net head of 
725ft. Other orders received recently by this firm are 
for a 750 b.h.p. Francis turbine working at 750 rpm 
on a net head of 120ft and a 320 h.p. Francis turbine 
working at 1000 r.p.m. on a net head of 117ft. These 
turbines are for Nyeri, Kenya, and Nelspruit, South 
Africa, respectively. A municipality in the province 
of Quebec has also placed an order for a Francis turbine, 
per ty to develop 600 b.h.p. at 900 r.p.m. on a net hi 
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When of 4 communicator are printed in italics, When an 
address 2 1 is not illustrated the specification is without drawings. 
arid rst given is the date of application ; the second date, 
br po of the abridgment, is the date of publication of the 

es that wi mplete specific ation. : 

Copies of specifications may be obtained at the Patent Office 

Manager Sales Branch, \5, Southampton Buildings, Chancery Lane, W.C.2, 
1S Sales 3s, 8d. each. 
laspoy HEAT EXCHANGERS 
mpany HM 744,395. September 22, 1952.—TuBuLaR HEAT 
agent EXCHANGERS, Spanner Boilers, Ltd., 258, Brix- 
: ton Hill, London. (Inventor: Edward Frank 
’ Lid, Spanner.) ‘ ‘ 
of Si The invention relates to improvements in tubular 
7 ~ heat exchangers Of the kind used with boilers and 
ae water heaters, having helically grooved fire tubes, 
" through which the exhaust gases from internal combus- 
~ . tion engines or hot gases from other sources are made 
eae to pass. The object of the 
nted i MM invention is to enable the 
| Mary I internal surfaces of the fire 
tubes to be easily brushed. 
remey MME For that purpose the flat 
Ositin HP cover plate A of the end 
I. He I water box of the exchanger, 
ultant. HF which is Opposite to and 
branch spaced away from the 
tube plate, is provided with 
| com- HF holes B, each of which is No. 714,395 
pwc opposite the bore of a tube, 
ra and is of such a size that a free passage is left for 
pened the cleaning brush. During normal use the holes B 
are covered by a flat plate C, which fits closely 
it has A against the outer plate A. The cover plate C is held 
Tow fa in place by cap nuts D which are fitted on tubular 
‘Thos, fae studs E attached to the plate A. The tubular studs 
n and Me are so arranged that they are axially in line with some 


. Mr. I of the tubes, so as to facilitate the sweeping of these 











ger. tubes. With this arrangement, when cleaning is 
NANCE Ie needed, all that has to be done is to unscrew the cap 
ranch J nuts D and remove the cover plate C. The tubes can 
yeast IRF then be brushed through one by one, after which the 
— cover plate is replaced, no other jointing being 
IM. necessary.—August 25, 1954. 

sition INTERNAL COMBUSTION ENGINES 

ie 714,447. February 18, 1952.—SPARKING PLUGs, 
of the Joseph Lucas (Industries), Ltd., Great King 
D. H. Street, Birmingham, 19. (/nventor: John Andrew 
trans- Laird.) 

The invention concerns sparking plugs for internal 
$ that BP combustion engines of the low-voltage pattern in 
inaget Be which the spark discharge occurs across a semi- 
ES. BS conductive surface between a pair of electrodes at a 
ines Voltage of about 2kV. It has been found that under 
d has #2 Some working conditions 
ive, sparking may fail to occur 
of the owing to a temporary 
pany, fp 2ccumulation of oil on the 
neri Me conductive path. The 
rector fae Object of the invention is to 
C. in obviate failure of ignition 
fric, BE in this condition. Refer- 

and § ring to the drawing, it will 
be seen that the insulated 
Gros- HP electrode of the plug A is 
the IB separated from an annular 
nh electrode B by a sleeve 
tson fC Of insulating material. 
have fae Lhe spark normally occurs 
ellyn, fie between these electrodes 
\. U. IR across the exposed surface No. 714,447 
of the sleeve C. According 
unces fm (0 the invention, between the insulated electrode A 
Ith: J and the body part D an air gap is provided to allow 
.E.l. Bi) a spark to occur at a higher voltage than that required 
igi08 BS to produce a spark across the normal path. The 
tithe additional gap may be formed as shown between a 
Mr. fe Pair of sparking tips E and F attached to the body and 
the fee the insulated electrode or in any other convenient 
. A. Be Manner. The arrangement is such that, normally, 
ical MH the sparking takes place at the low-voltage gap. 
tant, (9% In the event of failure of discharge at this gap, how- 
ever, the voltage of the spark generator continues to 
rise, until it is sufficient to cause a spark at the other 
gap. This condition will continue until the normal 
condition at the low-voltage gap is restored by the 
= action of flame in the engine cylinder or any other 
om deposit. With the resumption of the normal condi- 


puth 
ince 
pine, 
head 











tion, the sparking occurs at the low-voltage gap. 
It is claimed that the invention prevents the failure 
of the normal sparking in a simple and reliable 
manner.— August 25, 1954, 







715,274. June 27, 1951.—VARYING THE COMPRESSION 

T10, Rene William Pradier, ‘‘ Knowle,” 

Bomford, near Sheffield. 

Ae invention relates to internal combustion 
engines, its object being to provide simple and 
efficient means for varying the compression ratio in 
the engine cylinders. Referring to the drawing, the 
cylinder head A of an internal combustion engine 
18 provided with auxiliary chambers B for each 
cylinder. The chamber B communicates by means of a 












THE ENGINEER 


port C with the cylinder interior. The auxiliary 
chamber is provided with a tubular extension D of 
‘greater length than the chamber and is closed by an 
end member E seating on a shoulder formed at the 
junction of the extension D with the auxiliary 
chamber, the closure member being held on its seat 
by a sleeve F held in place by an end ring G screwed in 
as shown. Controlling the port C between the 
auxiliary chamber and the interior of the cylinder is a 
valve H, the end face of which seats against the 
orifice J of the port, the valve being provided with 
a stem projecting through an aperture K in the end 
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No. 715,274 


closure member, which serves as a guide. The valve 
is normally urged towards the open position by a 
coiled spring L bearing against the closure member E 
and a flanged bush M on the threaded outer end N 
of the valve stem, the valve being urged to the closed 
position by a manually controlled cam through the 
button O in the end ring G. A coil spring P bear- 
ing against the button O and the flanged bush M 
transmits the axial movement of the button to the 
valve, and absorbs excess axial movement of the 
button beyond that necessary to close the valve. 
The spring P is stronger than the spring L. When the 
cam is‘ disengaged from the button, the spring P 
is loosely supported by the flanged bush M, so that 
the spring L can lift the valve face off its seat and 
urge it on to its seat S. When, however, the cam 
depresses the button and puts the spring P under 
compression, the pressure of the weaker spring L is 
overcome and the lower valve face is moved on to its 
seat J. To obtain a different compression ratio two 
or more auxiliary chambers may be opened, and as 
each chamber is of a different volume a considerable 
range of compression ratios may be obtained by 
selecting appropriate chambers for use.—September 8, 
1954. 


BEARINGS AND SUPPORTS 


715,371. June 16, 1952.—SLEEvE BEARINGS, The 
Express Lift Company, Ltd., Greycoat Street, 
Westminster, London, S.W.1, and William 
Arthur Dixie, of The Express Lift Company, 
Ltd., Abbey Works, Northampton. 

The invention relates to sleeve bearings, one object 
being to provide a bearing in which lubrication is 
effected reliably and efficiently. Referring to the 
drawing, the bearing comprises a member A in which 
one or more oil channels B are machined. In addition, 











No. 715,371 


along the lowermost part of the bearing an oil channel 
C is provided extending along the full length of the 
bearing. . At its lowermost parts the bearing member 
A is provided with extensions D which are shaped to 
allow oiling chains E to be disposed close to the end 
faces of the bearing member. The extensions may 
either be integral with the bearing member as shown 
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or may be attached to it. The oiling chains are 
maintained in position by end rings F held in position 
by bolts. The end rings are maintained in spaced 
relationship from the end faces of the bearing member 
by the extensions and by spacing sleeves G surround- 
ing bolts H disposed towards the upper part of the 
bearing member. The end rings F are arranged to 
close the ends of the groove C at the lowest part 
of the bore of the bearing member so that they act 
to confine oil in this groove. The bearing mérmber A 
is carried by a web J which may advantageously be 
appreciably narrower than the length of the bearing 
member so that the member is allowed some degree 
of self-alignment in relation to the web. The bearing 
member is secured against rotation relatively to the 
web by means of a bolt K, which engages a recess in 
the upper part of the bearing member. On either side 
of the web J carrying the bearing member there is an 
oil sump L in which one of the oiling chains E works, 
the level of the oil in the sump being such that an 
appreciable length of the oiling chains dips in the 
oil. A feature of this invention consists in making the 
web J between the two sumps L of solid construction, 
the two sumps being joined only at one end beneath 
a cover plate which is provided to give access to the 
interiors. In this way it is possible to avoid having 
portions of the sumps which are difficult to clean 
adequately should such cleaning be necessary. In 
addition to the cover plate for permitting access to 
the sumps for cleaning there are also provided filling 
openings in the upper part of the housing of the bear- 
ing closed by caps M.—September 15, 1954. 


TESTING INSTRUMENTS AND APPARATUS 


715,519. August 13, 1952.—APpPARATUS FOR DETEC- 
TION OF SMOKE, The Walter Kidde Company, 
Ltd., Lux Works, Belvue Road, Northolt, 
Middlesex. (Inventor : Cyril Clifford Hall.) 

The invention relates to a new method and 
apparatus for detecting smoke or like particles in air. 

Referring to the drawing, the whole apparatus, except 

the light source, which may be an ordinary electric 

bulb, is contained in a lightproof casing A. The 
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No. 715,519 


sample air is drawn upwards through a duct B, 
which is lightproof and has two windows C 
set in its sides at right angles to each other. 
These windows are made of polarised material and 
are set so that the planes of polarity are at right 
angles to each other. The light source is arranged 
in front of one window and a photo-electric cell E, 
connected to a micro-ammeter F, is arranged in 
front of the other window, the micro-ammeter 
serving as a currect-responsive switch controlling 
a relay which activates the alarm circuit of con- 
ventional construction. It will be seen that the 
photo-electric cell E is screened from direct illumina- 
tion from the light source by reason of the arrange- 
ment of the planes of polarity of the polarised windows 
C. On the other hand, when smoke is passing through 
the duct B the random arrangement of reflecting 
surfaces presented by the smoke will have the effect 
of reflecting polarised light towards the window 
behind which the photo-electric cell E is positioned. 
The planes of the reflected beams will be such that 
in almost all cases there will be a component in the 
plane which the window C will allow to pass, so that 
the photo-electric cell E is sufficiently illuminated 
to cause the activation of the alarm circuit.—Sep- 
tember 15, 1954. 


TUBE AND PIPE CONNECTIONS 


714,756. January 1, 1951.—ExTERNAL COVERINGS 
FOR IRON OR STEEL Pipes, Stewarts and Lloyds, 
Ltd., 41, Oswald Street, Glasgow, Scotland. 
(Inventor : Alfred Clift.) 

The object. of this invention is to provide an 
external covering for iron or steel pipes, which is 
inhibitive both to corrosion and the destructive 
action of micro-organisms. It consists of a glass 


fibre fabric with a paste of Portland or slag cement. 
Typical examples of cement mixtures for making 
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into paste for application to the glass fibre fabric are : 
(1) Portland or slag cement 7 parts by weight, bitumen 
emulsion 1 part by weight; (2) Portland or slag 
cement 3-5 parts by weight, slate flour 3-5 parts by 
weight, bitumen emulsion 1 part by weight. In either 
example the cement mixture is mixed with water to 
form a smooth paste before application to the glass 
fibre fabric, and a wetting agent such as a sulphonated, 
higher fatty alcohol to assist the spreading of the 
cement over the glass fibres.—September 1, 1954. 





Catalogues 


J. H. FENNER AND Co., Ltd., Marfleet, Hull —Working manual 
TF reg transmission, known as the “ Fenner V-Belt Catalogue, 

20/14.”" 

GENERAL ELECTRIC COMPANY, Ltd., Magnet House, Kingsway, 
London, W.C. 2. —iheneated booklet, “ Research, Development, 
Achievement.”” 

Tue Lewis Sprinc Company, Ltd., Resilient Works, Queen 
Street, Redditch.—Reference handbook for spring designers, 
buyers and users. 

RANSOMES AND Rapier, Ltd., Ipswich. —Brochure illustrating 
applications of water control for irrigation, flood control, hydro- 
electric stations and locks. 

Watt Cotmonoy (CaNnapa), Ltd., British Branch, Carfin 
Industrial Estate, amas Motherwell, Lanarkshire. —The 
Colmonoy general catalogue. 

ELectro-ALLoys, Ltd., 47, Brunel Road, London, W.3.— 
Publication which shows and describes a section of the com- 
pany’s manufacturing programme. 

VARATIO-STRATELINE GEARS, Ltd., 278, Aberdeen Avenue, 
Trading Estate, Slough, Bucks.—A bridged details of variable- 
speed gearboxes and speed reducers. 

INTERNATIONAL COMBUSTION Propucts, Ltd., 19, Woburn 
Place, London, W.C.1.—Publication No. G.524, describing 
equipment pre eg by the company. 

Wru1aM SmirH Toot AND Sree, Company, Ltd., Harrow 
Street, Shefild, 1 11.—Two reference lists for “ ‘Despatch ** files 
and rasps and “ Despatch °’ cast steel cold chisels. 

—- H. ALEXANDER, Ltd., 82-84, Coleshill Street, Bir- 

,_ 4— Publication B6, describing and illustrating 
- = Hortex *»* taps manufactured by R. Stock and Co., of Berlin. 

CABLE MAKERS eg High Holborn House, — 
High Holborn, London, W.C.1.— booklets: “ Curren 
Ratings for Aluminium Cables,’’ “‘ Paper Insulated Power Cables, 
and “ Plastic Cables and Flexible Cords.”’ 





Forthcoming Engagements 


Secretaries o Institutions, &c., desirous of having 
notices of meetings inserted in this column, ar requested to note 
that, in order to make sure of their insertion, the necessary informa- 
tion should reach this office not later than a fortnight before the 
meeting. In all cases the TIME and PLACE at which the meeting is 
to be held should be clearly stated. 


CHEMICAL SOCIETY 
Thurs., Oct. 14th.—Burlington House, Piccadilly, London, W.1!, 
Reading of original papers, 7.30 p.m. 


DIESEL ENGINE USERS ASSOCIATION 
Thurs., Oct. 21st.—Caxton Hall, Westminster, London, S.W.1, 
a Address, “‘ Modern Diesel Tugs,’ F. J. Mayor, 
.30 p.m. 


HULL CHEMICAL ENGINEERING SOCIETY 
Tues., Oct. 12th.—Hull Church —- Hull, “‘ The Functions 
of the School Health Service,’ A. M R. Cann, 7.30 p.m. 


ILLUMINATING ENGINEERING SOCIETY 
Tues., Oct. 12th.—Royal Institution, Albemarle Street, London, 
w. \. Presidential Address, “‘ Lighting and Electricity Supply,”’ 
E. C. Lennox, 6 p-m.——- STOKE-ON-TRENT Group : Lecture 
Hall, Midlands Electricity Board, oy | Stoke-on- 
Trent, “ Lighting at Home and dy ” A. D. Charters, 


6 p.m 
Thurs., “Oct. 14th—MANCHESTER CENTRE: Demonstration 
Theatre, N.W. Electricity Board, Town Hall, Manchester, 
Lighting,” W. T. O” Dea, 6 p.m. 
Tues., Oct. ERPOOL CENTRE: Liverpool Engineering 
Society, 9, “— —— 24, Dale Street, —- irman’s 
Address, G. W. A. Illingworth, 6.30 p. 


INCORPORATED PLANT ENGINEERS 
Mon., Oct. 11th.—DUNDEE BT Op : © ecm Hotel, Dundee, 
Film, “‘ Materials Handling,”’ 7.30 
Tues., Oct. 12th—MANCHESTER “a * Club, 
Albert Square, Manchester, “ Conarol ‘of nan by 
Estimation of Excess Oxygen,”’ T. C. Farquhar, 7.15 p.m. 


Cnr, 





Wed., Oct. 13th——E. MIDLANDS BRANCH: Adult jucation 
Centre, Shakespeare Street, Nottingham, “Our Future,”’ 
H. S. Seaborne, 7 p.m. 

Thurs., Oct. 14th—KeENT BRANCH: Central Hall, Chatham, 


ee Branch Meeting to discuss “ Air Pollution,” 7 p.m.—— 
N.E. BRANCH : Roadway House, Oxford Street, Newcastle 
Meet x, a “The Classification of Fire Hazards,” D. 
p.m 
, Oct. 15th. —BIRMINGHAM BRANCH : Imperial Hotel, Temple 
ty Birmingham, Mobile Plant Discussion we ‘a Cater- 
pillar Tractors,” Film and Discussion, 7.30 
Mon., Oct. 18th.—MERSEYSIDE AND N. WALES DANCER : Radiant 
House, Bold Street, Liverpool, “‘ Repair of Cracked Castings, Po 
N. Tinwell, 7.15 p.m. 
ues., Oct. 19th—S. Waves BRANCH: Mackworth Hotel, 
Swansea, “‘ Power Factor in Industry,”’ W. P. Warren, 7.15 p.m. 


INSTITUTE OF FUEL 
Thurs., Oct. 14th.—Institution of Civil 
Street, Westminster, London, S.W . 
Continuous Reheating Furnace,”’ R. J. Sarjant and D. Smith ; 
Significance of — a Heat and Burner 
—” in Furnaces,’’ . Bacon and R. J. Sarjant, 
p.m 


INSTITUTE OF INDUSTRIAL SUPERVISORS 


Thurs., Oct. 14th.—LONDON CENTRAL SECTION: Polytechnic, 
Regent Street, London, W.1, “ The Foreman and Industrial 
Psychology,”’ Ian Gordon-Brown, 7.30 p.m. 


INSTITUTE OF eee ENGINEERS 


Tues., Oct. 12th—85, Min London, E.C.3, “Some Fuel 
Injection Probiems,”’ W. P. P. Mansfield, 5.30 p.m. 


, Great George 
“Heat Transfer in a 








THE ENGINEER 


INSTITUTE OF METALS 
12th.—S. Wares Loca SECTION : Metallurgy 
t, University ier ty Singlet ., Fee 9 v . 


: University Build- 
lurgical Problems 


Tues., Oct. 
De 








— and Manipulation 


6.45 p. 
Mon., Bet. 18th.—SHEFFIELD LOCAL SECTI 

ings, St. rge’s Square, Sheffield, “ Meta all 
of Atomic Energy,”’ L. Rotherham, 7: 30 p.m. 


INSTITUTE OF PETROLEUM 


Wed., Oct. 20th.—Chemical Society, Burlington House, Piccadilly, 
London, W.1, “ Platforming,’’ Dr. Gustav Egloff, 5.30 p.m. 


INSTITUTE OF REFRIGERATION 
Thurs., Oct. 21st.—Science Museum, South Kensington, 
London, S.W.7, “‘ The Properties of Metals at Low Tem- 
peratures,”’ N. P. Allen, 5.30 p.m. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS 


Mon., Oct. 11th.—N.W. Centre: Engineers’ Club, Albert 
=. Manchester, “‘ Modern Motor Oils,’’ F. Howard, 


Tues.» Oct. 12th.—WESTERN CENTRE : Grand Hotel, Bristol, 

he Application of Rubber Bonding to C Vehicies,”’ 

A. J. Hirst, 7.30 peg imane CENTRE : Crown Inn, 

i oo Street, Birmi * Carburation,”’ EZ Spencer, 
p.m. 

Thurs., Oct. 14th.—S. WALES GrouP : Institute of Engineers, 
Park Place, Cardiff, ‘‘ Lubricants and Greases for Road Trans- 
port Vehicles,’ E. M. 7 p.m. 

Thurs., Oct. 21st.—WesTERN CENTRE: Rougemont Hotel, 
Exeter, “Lubrication and Greases for Road Transport 
Vehicles,"’ E. M. Dodds, 7.30 p.m.——LONDON CENTRE : 
Royal Society of Arts, John Adam Street, London, W.C.2, 
“ Ball and Roller Bearings : Their Treatment and Repair, ‘a 
M. J. Knaggs, 6.30 p.m.——YORKSHIRE CENTRE : Hotel Metro- 
pole, King Street, Leeds, 1, Technical Film, “‘ Fuel Equip- 
ment,”’ followed by a paper, “‘ Fuel Equipment Maintenance,” 
A. Charlesworth, 7.30 p.m. 


INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS 

Tues., Oct. 12th.—Institution of Electrical Engineers, Savoy 
Place, London, W.C.2, “ Legislation Affecting the Use of 
Agricultural Tractors,”’ F. L. Sabatini, 2.15 p.m. 


INSTITUTION OF CHEMICAL ENGINEERS 
Wed., Oct. 13th.—MIDLANDS CENTRE GRADUATES’ AND STUDENTS’ 
SECTION : University of Birmingham, Edmund ees Birming- 
630 2. ee in Scientific Research,’’ F, Padday, 


Thurs., "Oct. 14th.—Royal Institution, Albemarle Street, London, 
Ww. i: “ Pre-Design Estimation of the Capital Cost of “Chemicai 
Plant, ”’ R. Edgeworth, 5.30 

Fri., Oct. 15th—LONDON GRADUATES’ AND STUDENTS’ SECTI 
Caxt ton Hall, London, S.W.1, “‘ Steam Jet Refrigeration, oO. C. 
Betts, 6.30 p.m. 


INSTITUTION OF CIVIL ENGINEERS 
Wed., Oct. 13th.—YORKSHIRE ASSOCIATION : once A Show- 
room, Lecture Theatre, Ferensway, Hull, Chairman’ 's Address, 


J. G. Taylor, 6.15 p.m. 
Tues., Nov. reat Geo Street, Westminster, London, 
. M. Watson, 5.30 p.m. 


‘ 





p.m. 


2nd. 
S.W.1, Presidential Address, 


INSTITUTION OF ELECTRICAL ENGINEERS 
Mon., Oct. 11th LONDON STUDENTS’ SECTION : Savoy Place, 
v.C.2 Chairman’s Address, “* The ‘History of the 
*M.C. Cubitt, 6.30 p.m. 
Oct. 12th. — EDUCATION ISCUSSION CIRCLE: Savoy 
Place, London, W.C.2, Discussion on “‘ The Teaching of the 
— of Electromagnetism,”’ opened by K. J. R. Wilkinson, 


Wed Oct. 13th.—Rapio Section: Savoy Place, London, 
Chairman’s Address, C. W. Oatley, 5.30 p.m 

These x a 14th.—N. MIDLAND CENTRE: Yorkshire Elec- 
tricity Board, Ferensway, Hull, “ Fluorescent Discharge-Tube 
Circuits and Operating Problems,”’ J. Cates, 7.15 p.m. 

Mon., Oct. 18th.—INFORMAL MEETING : Savoy Place, London, 
W.C.2, Discussion on “ Electricity in the Future,’’ opened by 
the President, 5.30 p.m. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND 


Glasgow, ** Recent 


Tues., Oct. 19th.—39, Elmbank | Crescent, 
Tools,” J. R 


Developments in the App ion o' 
Young, 7.30 p.m. 


INSTITUTION OF LOCOMOTIVE ENGINEERS 
Wed., Oct. Logs a —GENERAL MEETING : Institution of a 
1, Birdcage Walk, London, S.W. he Design 
of Light ‘Alloy Coaches for East African inne” eS 
Thring, 5.30 p.m. 


INSTITUTION OF MECHANICAL ENGINEERS 
To-day, Oct. 8th.—ScotTisH BRANCH : North British Station 
Hotel, Edinburgh, “‘ Nuclear Reactors and Power Production,” 

Sir Christoper Hinton, 6.30 p.m. 

Tues., Oct. 12th. — YORKSHIRE GRADUATE SECTION: The Uni- 
versity, Leeds, “ Caustic Cracking in Boilers and the Use of 
Ultrasonic Methods of Detection,’”’ R. L. Thomas, 7.30 a=. 

— Oct. 13th.—E. MIDLANDS BRANCH: Technical llege 

ture Hall, Lincoln, “‘ The Accountancy Service to Works 
eed t;’’ C. E. Power, 7. 30 p.m.——SOUTHERN BRANCH : 
Technical College, Maidstone, Ri The History of the six- 
Wheeler,”’ C. E. Burton, 7 p.m.——YORKSHIRE BRANCH: Lecture 
Hall, Literary and Philosophical Society, Harrison Road. 
Halifax, ‘ * The B.R.M.,”’ Revnend Mays, 6.30 p.m.——N.E, 

Grapuates’ SECTIONS: King’s Coll Newcastle, “‘ Some 

nom Connected with Marine Gas urbines, »* J. E. Wright, 





7 ——WESTERN GRADUATES’ SECTION: Grand Hotel, 
Bristol, met — System of Steel Ring Production,” cs 
Cross, 7.15 

Thurs., Oct. 1 (it._-SCOTTISH GrabDuaATeEs’ SECTION : Royal Tech- 
nical College, Glasgow, ‘ Mechanisation of the Mining 
Industry,”’ R. P. Venters, 7.30 p. ~ 

Fri., Oct. 15th_—GENERAL MEETI i, 3 ag Ny West- 
minster, London, S.W.1, Presidential Address, R. W. Bailey, 
5.30 p.m. 


INSTITUTION OF MINING AND METALLURGY 


Thurs., Oct. 21st.—GENERAL MEETING : oe tas i ical Society, 
Burlington House, , Piccadilly, London, W.1 jiscussion of 
the nee ‘The "Effect of Surface Films on the os 
Angles of Pyrite, Coal and Fluospar,’’ P. F. Whelan and R. P. 

ilkinson; “ bye of Quartz and Felspar by Dode- 

cylamine,’’ M. H. Buckenham and J. Rogers, 5 p.m. 


INSTITUTION OF POST OFFICE ELECTRICAL 
ENGINEERS 


Tues., Oct. 12th.—ORDINARY MEETING : 
ers, Savoy Place, London, Fol 
5 Organisation of the E.T.E.,”’ W. F. Smith, 5 p.m. 


INSTITUTION OF PRODUCTION ENGINEERS 
To-day, Oct. 8th—N.E. GRADUATE SECTION : Roadway House, 


80, Oxford Street, Newcastle u % Pv Tyne, “ Nickel Plating and 
Metal Finishing,” ‘LF. Prior, 7 p.m. 


Institution of Electrical 
2, Chairman’s Address, 
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Tues., Oct. 12th.—BiRMINGHAM GRADUATE Sec 
Watt Memorial Institute, Great Charles Street, snot 
“ Lighting and Productivity,’’ J. F. Roper, 7 p.m *mingham, 3, 
GrabuaTE SECTION: Hare and Squirrel foi, orm 
Coventry, “Some Interesting Set-ups on Modern M 

Tools,’’ R. C. Fenton, 7.15 pP.m.——Donca: vin Sa 

Danum Hotel, Doncaster, ‘ * Production Methods in Rail 
Workshops,” T. B. Maddison, 7 p.m. Way 

Wed., Oct. 13th.—PRESTON SOCTION : Crown Hotel, M 
Place, Blackburn, “ The Value of Work Study to Induain 
W. H. Hadgetts, 7.15 p.m.——SouTHERN Secri mn The 
versity, Sou pton, “ Titanium,” P. L. Teed, 7 p.m, e Ue 
Essex Se : Geta 




















ECTION : Mid-Essex Technical Colleg: 

ML md Developments in Work Study,”’ A. Ww. 
p.m 

Thurs., Oct. 14th.—Le1cesTeR SECTION : 


















Balmor. 
Hotel, saleomer, “On Being a Production E: ete . 
Routledge, 7 pm—_N. RELAND SECTION C 
Hotel, Belfast, Talk by Section Chairman, follo wed raga 
Show’ based upon the life of Lord Kelvin, 7.30 pm.” 
ROCHESTER SECTION: Sun Hotel, Chatham, ‘Design fo, 
Arc Welding,” S. M. Reisser, 7.30 p.m. ol 
Mon., Oct. 18th.—MANCHESTER SECTION : Reynolds 
College of Technology, Sackville Street, y ncheste, + 






“ Tracer Control of Machine Tools,”’ J. Lund, 7 


INSTITUTION OF SANITARY reveal 
Thurs., Oct. 14th.—Caxton Hall, Caxton Street, Wes; 
ndon, S.W.1, “Some Aspects of Adm vistrative * 
Establishment Work in the Engineer’s Department of a tant 
Municipal Authority,”’ J. F. Lyne, 6 p.m. 

















































INSTITUTION OF STRUCTURAL ENGINEERS 
Tues., Oct. 12th.—NORTHERN COUNTIES BRANCH : Clevelang 
Scientific and Technical Institution, - Corporation , 
Middlesbrough, Chairman’s Address, “Some Reflections 

a Designer’s Progress,” W. G. Gentry, 6.30 pm a 
Wed., Oct. t. 13th. —YORKSHIRE BRANCH : Great Northens 
, Chairman’s Address, Leslie Preston, 6.30 p.m. 

Fri., Oct. 15th.—LANCASHIRE AND CHESHIRE. BRANCH : W, 
Art Gallery, Liverpool, Chairman’s Address, W. D, Blades, 
Films, “ Soils and Foundations,”’ and “ Loch Sloy,”’ 7, 1S pm, 


JUNIOR INSTITUTION OF ENGINEERS 
To-day, Oct. 8th.—ORDINARY MEETING: Pepys House, 14, 
Rochester Row, London, S.W.1, “ Oxygen Breathing Apparatas 
with Special Reference to Everest, 1953,”’ P. W. Fitt, 7 p.m, 
Mon., October 11th.—SHEFFIELD AND District SEc TION : Livesey 
Clegg House, Sheffield, Annual General Meeting, Chairman's 
Address, “‘ Furnace Construction,” F. Goldsbrough, 7, 30pm 
Fri., Oct. 1Sth.—INFORMAL MEETING: Pepys House, {4 
Rochester Row, London, S.W.1, “ Problems Relating i; 
Meter and Instrument ——y G. F. Shotter, 7 p.m, 
Fri., Oct. 22nd.—INFORMAL EETING : Pepys House, 14 
Rochester Row, London, S.W.1, “‘ The Manufacture of Por, 
land Cement,”’ W. C. Flitton, 7 p.m. 


LIVERPOOL METALLURGICAL SOCIETY 
Thurs., Oct. 14th.—Liverpool Engineering Society, The Temple 
_ Street, Liverpool, Presidential Address, G. T. Cajlis 
p.m. 
MANCHESTER ASSOCIATION OF ENGINEERS 
Fri., Oct. 15th.—Engineers’ Club, ry Square, Manchester, 












“* Metals : Their Use and Testing,” L. E. Benson, 6.45 p.m. 
NEWCOMEN SOCIETY 
Wed., Oct. 13th.—Science Museum, Exhibition Road, Soub 


Kensington, London, S.W.7, ‘“* New Light on Ancient Ture 
Clocks,’’ R. P. Howgrave-Graham, 5.30 p.m. 


OLD CENTRALIANS 
Thurs., Oct. 14th.—Chez Auguste Restaurant, 47, Frith ‘Street, 
ndon, W.1, “* The Challenge of African Education,” LS. 
Fulton, 12.45 p.m. 


REINFORCED CONCRETE ASSOCIATION 
Tues., Oct. 12th.—ScottisH BRANCH: North British Hote, 
Edinburgh, Inauguration of Branch by the President, C. H.§, 
Howkins, 6.30 p.m 
Wed., Oct. 20th.—11, Upper Belgrave Street, London, $.WJ, 
“ The Use of Reinforced Concrete in the Gas Industry,” §, ¥, 
Gardner, 6 p.m. 


ROYAL AERONAUTICAL SOCIETY 
Tues., Oct. 12th.—Secrion Lecture: 4, Hamilton Place 
London, W.1, “ Behaviour of Light Alloys at Elevated Tem 
peratures,” B. C. Gadd, 7 p.m. 
Tues., Oct. 19th.—GRADUATES’ AND STUDENTS’ SECTION: 4 
Hamilton Place, London, W.1, “‘ The Propeller-Turbine 
Airline Service,” T. M. Corson, 7.30 p.m. 


ROYAL INSTITUTION OF CHARTERED SURVEYORS 


Mon., Oct. 18th.—GENERAL MEETING : 12, Great George Street 
London, S.W.1, “ Practical Aspects of the Housing Repair 
and Rents Act, 1954,’’ F. W. J. Adams, 5.30 p.m. 

Wed., Oct. 20th.—Quantity Surveyors’ GENERAL MEETING 
12, Great George Street, London, S.W.1, Discussion « 
* Specifications and Bills of Quantities : Their Use and Inter 
relation,’’ opened by A. R. F. Anderson, J. A. Burrell ani 
D. E. Woodbine Parish, 6 p.m. 


ROYAL METEOROLOGICAL SOCIETY 
Wed., Oct. 20th—49, Cromwell Road, South Kensingios 
London, S.W.7, “* The Partition and Intensity of Eddy Energy 
at the 91m Level during Unstable Conditions,” R. A. McCor- 
mick ; ‘* Turbulence in the Upper Air,”’ F. J. Scrase ; “ Fit 
Flights Through a Thunderstorm Belt,’’ R. F. Jones, 5 p.m. 


ROYAL SANITARY INSTITUTE 


Fri., Oct. 15th.—SESSIONAL MEETING : Technical College Hall 
Barnsley, “ The meneioagped and the Community : Som 
Suggestions,”’ G. A. W. Neill ; “ The Re-Location of Popult 





or ¢ 








tion and its Problems,”’ S. P. Thompson, 10 a.m. ypi 
SHEFFIELD SOCIETY OF ENGINEERS AND 
METALLURGISTS 
Mon., Oct. 18th.—University Building, St. George's Square 
Sheffield, ‘‘ Metallurgical Problems of Atomic Energy,” ur te 





Rotherham, 7.30 p.m. 


SOCIETY OF CHEMICAL INDUSTRY 
Tues., Oct. 19th.—Geological Society, Burlington House, Picca 
dilly, London, W.1, Film, ‘‘ Corrosion in Action,’’ 5.30 p.m 
SOCIETY OF INDUSTRIAL ENGINEERS 
‘0-day and Sat., Oct. 8th and 9th.—Conferefice on Work Stud) 
4 Productivity, Prince of Wales Hotel, Southport. 
SOCIETY FOR WATER TREATMENT AND EXAMINATION 
To-day and Sat., Oct. 8th and 9th.—Autumn Meeting at Bourn’ 
mouth, 
WOMEN’S ENGINEERING SOCIETY 
To-day to Sun., Oct. 8th to 10th. MANCHESTER BRANCH, Annu 
Conference in Birmingham. 








